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(54) Binder resin containing novel polyhydroxyalkanoate, toner containing the binder resin, and 
image-forming method and image-forming apparatus which make use of the toner 



(57) A binder resin which forms a resin powdery 
product such as a toner for developing electrostatic la- 
tent images. The binder resin comprises a biodegrada- 
ble resin comprising a polyhydroxyalkanoate produced 
by culturing a microorganism and having as a specific 
monomer unit a 3-hydroxyalkanoic acid such as 3-hy- 
droxy-5-phenylvaleric acid. This binder resin has very 
good properties as a binder resin and also has a high 
safety to human bodies and environment. Also dis- 
closed are a toner for developing electrostatic latent im- 
ages which contains such a binder resin, and an image- 
forming method and an image-forming apparatus which 
make use of the toner. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 



10 



15 



20 



25 



w» in toners for developing electrostatic latent images, a toner for 
roooil This invention relates to a binder res.n usable in tone* 9 of the toner and a n image-forming ap- 
deve oping electrostatic latent images, an ima ge - f °X« fa btCresiH toner for developing electrostatic latent 
paratu making use of the toner. More P«?^^*^SSS are used in electrophotography, electrostatic 
images, an image-forming method and an W*^*JSSS printers, facsimile machines and so forth , in wh.ch 
recording and electrostatic printing performed^ 

a toner image is previously formed on an e |ectrostat,c-latent mage a particularly, it relates to a 

member") a'nd is'thereafter transferred onto fixing performance (low-tem- 

Wnder resin which has a biodegradabil.ty and properties) and blocking resistance, and 

perature fixing performance, fixing ^mperaUire JhJ-^^^ntod. -—HI «Wn«"B "*? tt,m f3 l 2 
which has hydrolyzability and biodegradabimy ^ ^h ease a toner lor developing electrostatic latent .mages which 



toner. 

Related Background Art 
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40 



45 



50 



Keiaxea ociu^yiwu,,w. 
[00 0 2] Anumberofmethodsareconvent^^ 

Gained by forming an electrostatic latent ^ « ^JiJZSopIng the latent image by the use of a toner to 
a photoconductive material and by venous ^* s ^ ^ to a transfer medium such as a paper as occas on 
,orm a visible image (toner image), transferring thet<m ««J to a ^ by which tne 

calls, and then fixing the toner image to ^T^^^^^L. magneticbrush development, pressure 
e ,ectrostatic iatent image is formed into a v.sible njM^ * als0 known in which, using a magnetic toner and I . 
development and so forth are known in the ^ *^™££> n the magne tic toner is caused to fly from the devel- 
rotary developing sleeve provided ^^^^^^Zd of an electric field. 

oping sleeve surface to the photosensitive mernber surfece by tn developed , available are a two-compo- 

[0003] As development methods ^f^^^^SJ^, comprised of a toner and a earner and a 
nent development method makmg use of n ^ and com p ris ed only of a toner, 

one-component development method making use of n .earner ^ P dofabinderresinand a colorant as essent^l 
[0 004] Now.finecolored particles commonly calted Her6) tne binder resin occupies the greater part 
components and besides optionally a magnetic ^ °™ n £ {luence tone , s physical properties greatly. For 

of the toner, and hence the physica. P^^^i^^tSrm- melt properties, and a toner obta.ned by 
example, the binder resin is required to have dehcatohaKjiossan class ification must show good 

pulverizing a binder resin having a colorant and so forth . d »£^^^ by ag Ltion in a developing assembly 

resources be recycled, how waste be curbed, how the sa ety * wjde ad of copying machin es and 

not exceptional also in the field of ^^ZTl^m^ Panted paper, copying paper and so forth ,s in- 
pnnters, the disposal of fixed toner on paper w a ^ 

creasingyearbyyear. Here, ^n^nal tonersa^ a „ environment, e.g., in soil and in water over a long 

all of which are stable artificial compounds, and may rema. nn a.. regenerate pla in paper for ,ts reuse. 
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[0007] Under such circflmstances, development is being made on resins which are harmless to human bodies and 
degradable by the action of microorganisms, i.e., biodegradable resins. For example, it has been reported that many 
microorganisms are capable of producing a biodegradable resin polyhydroxyalkanoate (hereinafter "PHA" when ab- 
breviated) and accumulating it in the ce!) ("Handbook of Biodegradable Plastics", Biodegradable-Plastic Institute, K.K. 

5 N.T.S., pp. 178-197, 1995). It is known that such a PHAcan have various composition and structure depending on the 
type of microorganisms used for its production, the composition of culture medium, the conditions for culturing and so 
forth. Researches on how to control the composition and structure of the PHA to be produced have hitherto chiefly 
been made from the viewpoint of the improvement in its physical properties. With regard to the application of such 
biodegradable resins, too, they have already given reasonable actual results especially in the field of materials for 

10 medical use. In the field of agriculture, too, the biodegradable resins have been put into practical use in multifiles, 
gardening material, sustained-release agricultural chemicals, fertilizers and so forth. In the field of leisure industry, too, 
the biodegradable resins are used in fishing lines : fishing articles, golf goods and so forth. Besides, as packaging 
materials for daily necessities, they have been put into practical use in containers or the like of living articles. However, 
considering their wide application as plastics, under the existing conditions they can not still be said to be satisfactory 

is in respect of physical properties. For example, in orderto make the PHA utilizable in much wider ranges, it is important 
to study the improvement of physical properties more widely. For that end, it is essential to make development and 
research on PHAs containing monomer units of various structures. 

[0008] In the field of electrophotography, too, methods in which biodegradable resins are used in binder resins are 
proposed as methods by which toners which are disposable without causing environmental pollution. For example, 

20 Japanese Patent Application Laid-Open No. 6-289644 discloses an electrophotographic toner particularly used for 
heat-roll fixing, which is characterized in that at least a binder resin contains a vegetable wax and a biodegradable 
resin (as exemplified by polyesters produced by microorganisms and natural polymeric materials derived from vege- 
tables or animals), and the vegetable wax is added to the binder resin in an amount of from 5 to 50% by weight. 
Japanese Patent Application Laid-Open No. 8-262796 also discloses an electrophotographic toner containing a binder 

25 resin and a colorant, and is characterized in that the binder resin comprises a biodegradable resin (as exemplified by 
aliphatic polyester resins) and the colorant comprises a water-insoluble coloring matter. Also, U.S. Patent No. 5,004,664 
discloses a toner having as its composition polyhydroxybutyric acid, polyhydroxyvaleric acid, or a copolymer or blend 
of these. In these techniques, when buried for disposal, the binder resins can certainly be degraded in soil because 
they are biodegradable. However, there have been problems on fundamental function as binder resins, such that the 

30 toner has a low running performance and also is unstably chargeable because of its high moisture absorption. For 
example, the PHB is a hard and brittle material having properties of a melting point of 1 80°C, a crystallinity of 50 to 
70%,- a Young's modulus of 3.5 GPa and a breaking extension of 5%, and is insufficient in practical use for its use as 
the binder resin of toner. 

[0009] A toner composed chiefly of a polylactic acid type aliphatic polyester is also proposed as having a biodegrad- 
35 ability and also being efficiently degradable in alkali hydrolysis and hence being useful for the recycling of paper. For 
example, Japanese Patent Application Laid-Open No. 7-120975 also discloses a method of making a lactic-acid 
homopolymer into a toner, giving as its typical example a polylactic acid obtained by ring-opening polymerization. 
[0010] In the ring-opening polymerization, a method is employed in which the lactic acid is first made into an oligomer 
by dehydration reaction, which oligomer is then subjected to depolymerization to lead it to a cyclic dimer lactide and 
40 is further subjected to ring-opening polymerization. Since such complicate steps are followed, the resultant polylactic 
acid comes very highly expensive for its use as a toner resin (a resin for toners). 

[0011] In addition, since the ring-opening polymerization is cationic ring-opening polymerization, it is necessary, e. 
g., to make unhydrous the solvent used and to remove any ionic species which may serve as a polymerization termi- 
nator, resulting in a poor production efficiency. Moreover, the monomer species that can be used when the polyester 

•*s is produced is limited to a cyclic ester, and hence it is not easy to control physical properties required as toner resins. 
It is also difficult to effect copolymerization with various monomers in order to control the balance between degradability 
and physical properties. In this regard, it is sought to provide a degradable polyester that can control its physical 
properties inexpensively and with ease. Also, when the polylactic acid is made into a toner as it is, there are problems 
also on the storage stability and anti-offset properties of the toner. Thus, such a toner has not yet been put into practical 

50 use. 

[0012] Japanese Patent Application Laid-Open No. 9-274335 also discloses atoner for developing electrostatic latent 
images which is characterized by containing a polyester resin and a colorant; the former being obtained by dehydration 
polycondensation of a composition containing lactic acid and a tri- or more functional oxycarboxylic acid. However, the 
polyester resin is formed through dehydration polycondensation reaction of an alcohol group of the lactic acid with a 
55 carboxylic group in the oxycarboxylic acid. Hence, it is considered that the resultant resin tends to have a large molecular 
weight, and therefore has a low biodegradability. Also, like the one disclosed in Japanese Patent Application Laid- 
Open No. 7-120975, there are problems on the storage stability and anti-offset properties of the toner. 
[0013] Polycaprolactone, which is a homopolymer of a typical hydroxycarboxylic acid, also has a low melting point 
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and a low glass transition point and has good compatibility with various resins. It, ho^Wer, has a melting point of as 
low as 60°C, and is not suitable as a binder resin when used alone. Also, the polylactic acid has a high glass transition 
point (60°C), and one having crystallizability is a thermoplastic high polymer having a high melting point (about 1 80°C), 
which, however, has not yet been put into practical use as a binder resin as stated previously. Moreover, toner resins 
5 comprised of the conventional degradable polyester resin commonly have so poor a pulverizability that it is difficult for 
them to be used as binder resins which occupy 90% of toners of about 1 0 ujti in particle diameter Accordingly, taking 
account of their practical use as binder resins of toners, It has strongly been desired to improve their physical properties. 



SUMMARY OF THE INVENTION 

10 

[0014] The present invention is to settle the subjects or problems discussed above. Accordingly, an object of the 
present invention is to provide a binder resin which is biodegradable and can more highly contribute to the conservation 
of natural environment, and also which enables deinking with ease in a conventionally available deinking process 
making use of an alkali, to promote the reuse of copying paper having been used, and can satisfy various performances 

15 and properties required as toners, e.g., those concerning carrier-spent, fog, charging stability, running performance, 
storage stability, pulverizability, cost and so forth; a toner for developing electrostatic latent images which comprises 
such a binder resin; and an image-forming method and an image-forming apparatus which make use of the toner. 
[0015] The present inventors have made extensive studies in order to achieve the above object. As the result, they 
have discovered that a binder resin comprising a polyhydroxyalkanoate having monomer unit composition represented 

20 by the following Formula (1) has very good properties as a binder resin and also has a high safety to human bodies 
and environment. They have also discovered that remarkable effects can be brought about when a toner for developing 
electrostatic latent images which contains such a binder resin is used and this toner for developing electrostatic latent 
images is used in image-forming apparatus having a certain development system. Thus, they have accomplished the 
present invention. 

25 [0016] More specifically, the binder resin of the present invention is characterized by containing a polyhydroxyal- 
kanoate having monomer unit composition represented by the following Formula (1): 



30 



35 



40 



AmB(1-m) (1) 

wherein A is at least one selected from monomer units represented by the following Formula (2), B is at least one 
selected from monomer units represented by the following Formulas (3) and (4), and m is 0.01 or more and 1 or less: 



(2) 
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wherein n is Oto 10, k is1?W5, and R is any group selected from groups represented by the following Formulas (5) to (8): 



10 



15 





0, 

/ L ' / 

(5) (6) 



(CH 2 )q \cH 2 )r 




wherein; 

20 in Formula (5), R1 is selected from a hydrogen atom (H) and a fluorine atom (F), and q is selected from integers 

of 1 to 8; 

in Formula (6), R2 is selected from a hydrogen atom (H) and a fluorine atom (F), and r is selected from integers 
of 1 to 8; 

in Formula (7), R3 is selected from a hydrogen atom (H) and a fluorine atom (F), and s is selected from integers 
25 of 1 to 8; and 

in Formula (8), R4 is selected from a hydrogen atom (H) and a fluorine atom (F), and t is selected from integers 
of 1 to 8. 

[0017] The toner for developing electrostatic latent images according to the present invention is also characterized 
by containing the binder resin constituted as described above. 
30 [0018] The image-forming method according to the present invention is an image-forming method comprising: 

a charging step of applying a voltage to a charging member from its outside to charge an electrostatic-latent-image- 
bearing member electrostatically; 

a latent-image-forming step of forming an electrostatic latent image on the electrostatic-latent-image-bearing mem- 
35 ber thus charged; 

a developing step of developing the electrostatic latent image by the use of a toner for developing electrostatic 
latent images, to form a toner image on the electrostatic-latent-image-bearing member; 

a transfer step of transferring to a recording medium the toner image formed on the electrostatic-latent-image- 
bearing member; and 
40 a fixing step of fixing by heat the toner image held on the recording medium; 

wherein the toner for developing electrostatic latent images described above is used. 
[0019] In another embodiment of the image-forming method according to the present invention, it is an image-forming 
method comprising: 

45 

a charging step of applying a voltage to a charging member from its outside to charge an electrostatic-latent-image- 
bearing member electrostatically; 

a latent-image-forming step of forming an electrostatic latent image on the electrostatic-latent-image-bearing mem- 
ber thus charged; 

50 a developing step of developing the electrostatic latent image by the use of a toner for developing electrostatic 

latent images, to form a toner image on the electrostatic-latent-image-bearing member; 

a first transfer step of transferring to an intermediate transfer member the toner image formed on the eiectrostatic- 
latent-image-bearing member; 

a second transfer step of transferring to a recording medium the toner image held on the intermediate transfer 
55 member; and 

a fixing step of fixing by heat the toner image held on the recording medium; 

wherein the toner for developing electrostatic latent images described above is used. 
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25 



. IS-- fSSS. - — — — 1 ima9e on ,he eKO "° s,a K - ,Me "* a39 ' 0M,in9 

vmarain n. .dn.r for developing elaotroetatid '^'^tm'p.S invention, i, is an Imaga- 
[0021] In another embodiment ol the imag^-lbrming apparatus according ro 

is forming apparatus comprising: 

a cleans fo^^^ 

an electrostatic latent imag e on the eleC trostati^^^ 

s=.m^^ 

rSreans for fixing by heat the toner image heid on the recording medium; 
wherein the toner for developing e.ectrostatic latent images described above is used. 
BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] 

Pi 9 , , a sortamatie illustration a, an imaga-torming apparata, used in Exampiaa 45 to 72 and Compart 
P^aseTa.,^^ 

ZVZSSS — rnima;*mning.ppara,us M ain,a«on.rt. U ,.maeP,nism,usadinExam P .a 

%*Z?S5ZZ2£ZiZ ~ — - - ■ M °° usea in Exan,pu,s 01 

ST^noniangedsnbrlana,^ 

Fig. 9 is . chart shoving a 1H-NMB epaotnrm a. a PHA » ExmphS. 
Fig. 10 la a ohan showing a 1 3C-NMR epeonrum ol a PHA ih Exampla 8. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] Preferred embodiments ol the pnes.nt invention are PHA tolng «, unit compo- 

0024 The binder roaln adeording ,o the prasorn "J*^^*^^ baving'diflar.n, monoma, dni, 
XZ^Z?^^^™*^ 11 may^ra a binder main boding a, Ida,, ona a, 
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additional biodegradable^sins such as polycaprolactone and polylactic acid. 
[0025] As the polylactic acid, commercially available one, e.g., LACTY (trade name; available from Shimadzu Cor- 
poration) may preferably be used, and besides those obtained by various polymerization processes may be used. 
[0026] In the case when the additional biodegradable resin is used, the additional biodegradable resin may preferably 
5 be mixed in a proportion of 90% by weight or less based on the total weight of the binder resin, taking account of 
biodegradability and of physical properties required as binder resins. 

[0027] The PHA may preferably have a number-average molecular weight of 300,000 or less because, in such mo- 
lecular weight, it can have a good compatibility with the polycaprolactone or polylactic acid and a molten polymer blend 
which is colorless and transparent is obtainable. If on the other hand it has a relatively large number-average molecular 
10 weight of 500,000 or more, it can not have so good compatibility, and the resultant molten polymer blend may also 
have not a good hue. Even in such a case, however, the PHA can be improved in compatibility and the colorless and 
transparent, molten polymer blend can be obtained by mixing them under application of a high shear force to lower its 
molecular weight to 300,000 or less. 

[0028] The binder resin of the present invention may also preferably have a number-average molecular weight of 
'5 from 2,000 to 300,000. The binder resin of the present invention may further preferably have a glass transition point 
of from 30°C to 80°C and a softening point of from 60°C to 170°C in order for the function as a binder resin to be 
brought out. 

[0029] Here : the PHA used in the present invention has a fundamental skeleton as a biodegradable resin. Hence, 
like conventional plastic, itcan be utilized in the manufacture of various products by melting, and, differentfrom synthetic 
20 polymers derived from petroleum, has a striking property that it is readily broken down by microorganisms and taken 
into the circulation of substances in the natural world. Accordingly, it does not require any disposal by combustion, and 
is an effective material also from the viewpoint of the prevention of air pollution and global warming. Thus, it can be 
utilized as a plastic which enables environmental safeguard. 

[0030] The PHA is also capable of being readily hydrolyzed in the presence of alkaline water. Hence, it has an 

25 advantage that toners containing coloring matter such as carbon black can effectively be removed from copied paper. 
[0031] The PHA having monomer unit composition represented by Formula (1), which is preferable as the binder 
resin used in the toner for developing electrostatic latent images according to the present invention, is specifically 
described below. The PHA used in the present invention is a polyester resin having a 3-hydroxyalkanoate as a monomer 
unit and containing as a substituent at least one of any of substituents selected from phenyl, phenoxyl, cyclohexyl and 

30 benzoyl groups. Here, where such a compound is produce by utilizing a microorganism, the polyester resin is an 
isotactic polymer consisting of only R-configuration. As long as the object of the present invention is achievable on 
both aspects of physical properties and function, it need not especially be the isotactic polymer. An atactic polymer 
may also be used. Also, the PHA may also be obtained by a process of chemical synthesis in which a lactone compound 
is subjected to ring-opening polymerization using an organometallic catalyst (e.g., an organic catalyst containing alu- 

35 minum, zinc, tin or the like). 

[0032] What is important in the present invention is that, in respect of the side-chain structures represented by For- 
mulas (5) to (8), R1 to R4 may be selected as at least one atom selected from the group consisting of a hydrogen atom 
and a fluorine atom. Here, in respect of the side-chain structures represented by Formulas (5) to (8), these may be 
formed as aromatic rings the R1 to R4 of which have been substituted with fluorine atoms, whereby the resultant 

40 compounds can be made to have much less environmental dependence. In the case when any of R1 to R4 is substituted 
with a fluorine atom, such a monomer unit containing the fluorine atom may be contained in the polymer in an amount 
of at least 1 mol%. Its proportion may be selected taking account of the desired environmental dependence. 
[0033] As the position at which R1 to R4 are substituted, it may be ortho-, meta- or para-position . at any positions 
of which polyhydroxyalkanoates having the corresponding monomer units can be gained. Where there is no great 

45 difference in function characteristics, physical properties and so forth between any isomers, compounds substituted 
at the meta- or para-position may preferably be used in view of the yield or the readiness of being incorporated into 
the polymer. 

[0034] Here : when the PHA of the present invention is produced by using a microorganism, it may contain the above 
various monomer units, or may be so designed that it may contain a suitable number of units, taking account of any 
50 necessary function characteristics, physical properties and so forth of the polymer. In general, the PHA may contain 
the monomer units as far as the above six kinds, where it is expected that the object of the present invention can 
sufficiently be achieved. Where any delicate control of function characteristics and physical properties is intended, the 
PHA may also be constituted of more kinds of monomer units. 

[0035] The PHA in the present invention may preferably have a glass transition point of from 30°C to 80°C, particularly 
55 preferably from 40°C to 80°C, and more preferably from 50°C to 70°C. If it has a value lower than 30°C, a poor blocking 
resistance tends to result. If it has a value higher than 80°C, a poor fixing performance tends to result. Also, the PHA 
in the present invention may preferably have a softening point of from 60°C to 170°C, and particularly preferably from 
80°C to 140°C. If it has a softening point lower than 60°C, a lowering of anti-offset properties may be seen. If it has a 
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higher fixing temperature tends to result. 
[0036] The PHA having these desired physical properties may be obtained by selecting conditions for culturing any 
microorganism capable of synthesizing the PHA in the present invention. For example, its number-average molecular 
weight may be controlled by controlling culturing time and so forth. Its number-average molecular weight may also be 
5 controlled by removing low-molecular-weight components by means of solvent extraction, reprecipitation or the like. 
Here, the glass transition point and softening point have correlation with the molecular weight of the PHA. Also, the 
glass transition point and softening point may be controlled by controlling the type and compositional ratio of the mon- 
omer units in the PHA. 

[0037] The PHA in the present invention may preferably have a weight-average molecular weight Mw of from 4,000 
10 to 300,000, and may preferably have a number-average molecular weight Mn of from 2,000 to 150,000, and particularly 
preferably from 5,000 to 100,000. 

[0038] If it has an Mn of less than 2,000, the PHA may have a greatly low glass transition point, resulting in a poor 
blocking resistance. If on the other hand it has an Mn of more than 150,000 : the PHA may come highly viscous at the 
time of melting, resulting in a poor low temperature fixing performance. 

75 

- Exemplification of PHA and Production of PHA - 

[0039] Biosynthesis as a specific process for obtaining the PHA having monomer unit composition represented by 
Formula (1) can be effected where a microorganism capable of producing the polyhydroxyalkanoate containing the 

20 monomer units represented by Formulas (2) to (4), from their corresponding alkanoic acids is cultured in a culture 
medium containing the corresponding alkanoic acids. Culturing methods and so forth are described later. 
[0040] For example, a microorganism capable of producing a polyhydroxyalkanoate containing a 3-hydroxy-5-phe- 
nylvaleric acid (3HPV) monomer unit represented by the following Formula (9) from 5-phenylvaleric acid (PVA) repre- 
sented by the following Formula (1 0) may be cultured to obtain a polyhydroxyalkanoate containing the 3HPV monomer 

25 unit. 



30 



35 




(9) (10) 

40 

[0041] A microorganism capable of producing a polyhydroxyalkanoate containing a 3-hydroxy-5-(4-fluorophenyl) 
valeric acid (3HFPV) monomer unit represented by the following Formula (11) from 5-(4-fluorophenyl)valeric acid (FP- 
VA) represented by the following Formula (12) may also be cultured to obtain a polyhydroxyalkanoate containing the 
45 3HFPV monomer unit. 
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(11) (12) 

[0042] A microorganism capable of producing a polyhydroxyalkanoate containing a 3-hydroxy-4-phenoxybutyric acid 
(3HPxB) monomer unit represented by the following Formula (13) from 4-phenoxybutyric acid (PxBA) represented by 
20 the following Formula (14) may also be cultured to obtain a polyhydroxyalkanoate containing the 3HPxB monomer unit. 



25 



30 




(13) (14) 

35 

[0043] A microorganism capable of producing a polyhydroxyalkanoate containing a 3-hydroxy-5-phenoxyvaleric acid 
(3HPxV) monomer unit represented by the following Formula (15) from 5-phenoxyvaleric acid (PxVA) represented by 
the following Formula (16) may also be cultured to obtain a polyhydroxyalkanoate containing the 3HPxV monomer unit. 

40 



45 



50 




(15) (16) 
[0044] A microorganism capable of producing a polyhydroxyalkanoate containing a 3-hydroxy-(4-fluorophenoxy)bu- 
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HP • c rtrmi n a M 7^ fronW!-fluorophenoxy)butyric acid 

tyric acid (3HFPxB) monomeSfrepres anted by ^^^^ a ^hydroxy a.kanoate containing 
(FPxBA) represented by the followmg Formula (1 8) may also 
the 3HFPxB monomer unit. 



w 



15 



20 





(17) 



(18) 



[0 045, A microorganism capab.e ot producing a P 0 'V^— 

SJ (3HCHB) monger unit ^X^^^ ** **** 

sented by the following Formula (20) may also oe c 

monomer unit. 
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(19) 



(20) 



ro0461 A microorganism capab.e of producing a P***?^^ 
KcactdT^ 

,c/ H BAl represented by the following Formula (22) may d _ 
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0-7 



(21) 



F 

(22) 




OH 



[0047] A microorganism capable of producing a polyhydroxyalkanoate containing a 3-hydroxy-5-benzoylvaleric acid 
(3HBzV) monomer unit represented by the following Formula (23) from 5-benzoylvaleric acid (BzVA) represented by 
the following Formula (24) may also be cu Itured to obtain a polyhydroxyalkanoate containing the 3HBzV monomer unit. 




(23) (24) 



[0048] A microorganism capable of producing a polyhydroxyalkanoate containing a 3-hydroxy-5-(4-fluorobenzoyl) 
valeric acid (3HFBzV) monomer unit represented by the following Formula (25) from 5-(4-fluorobenzoy1)valeric acid 
(FBzVA) represented by the following Formula (26) may also be cultured to obtain a polyhydroxyalkanoate containing 
the 3HFBzV monomer unit. 



F 




(25) (26) 
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[0049] A microorganism capaB!e"of producing a polyhydroxyalkanoate containing 3^ipffbxy-5-(4-f luorophenyl)valer- 
ic acid (3HFPV) and 3-hydroxy-5-(4-fluorophenoxy)valeric acid (3HFPxV) monomer units represented by the following 
Formulas (11) and (27), respectively, from 5-(4-fluorophenyl)va!eric acid (FPVA) and 5-(4-fluorophenoxy)valeric acid 
(FPxVA) represented by the following Formulas (12) and (28), respectively, may still also be cultured to obtain a pol- 
yhydroxyalkanoate containing the 3HFPV and 3HFPxV monomer units. 



10 



15 



20 





(11) (27) 



25 



30 



35 




(12) 




[0050] A microorganism capable of producing a polyhydroxyalkanoate containing 3-hydroxy-7-phenoxyheptanoic 
acid (3HPxHp) and 3-hydroxy-5-phenoxyvaleric acid (3HPxV) monomer units represented by the following Formulas 
40 (29) and (15), respectively, from 7-phenoxyheptanoic acid (PxHpA) represented by the following Formula (30) may 
also be cultured to obtain a polyhydroxyalkanoate containing the 3HPxHp and 3HPxV monomer units. 



45 



50 



55 
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(29) (15) 



25 




(30) 

30 [0051] A more specific process is described on general items here. On individual items, it is described in Examples 
later. 

- Microorganism - 

35 [0052] The microorganism used in the process according to the present invention may be any microorganism as 
long as it is a microorganism capable of producing the polyhydroxyalkanoate containing the units represented by For- 
mulas (2) to (4), by culturing the microorganism in a culture medium containing the corresponding alkanoic acid. As 
an example thereof, it may include microorganisms belonging to the genus Pseudomonas. Stated more specifically, 
the microorganism may include Pseudomonas cichorii strain YN2 (FERM BP-7375), Pseudomonas cichorii strain H45 

40 (FERM BP-7374), Pseudomonas putida strain P91 (FERM BP-7373) and Pseudomonas jessenii strain P161 (FERM 
BP-7376). These four kinds of microorganisms have been deposited in Patented-Microorganism Deposition Center, 
Biotechnology Industrial Technology Institute of The Ministry of Economy and Industry, and are microorganisms dis- 
closed in Japanese Patent Application Laid-Open No. 2002-080571 . Incidentally, in respect of those other than these 
strains, too, the microorganism usable in the PHA production process according to the present invention may also be 

45 obtained by culturing using the alkanoate as a substrate, e.g., by screening any microorganism belonging to the genus 
Pseudomonas. 

[0053] Details of the strains YN2, H45, P91 and P161 are shown below. 

- Bacteriological Properties of Strain YN2 - 

50 

(1) Morphological Properties 
[0054] 



55 Size and shape of cells: rod-shaped bacteria of 0.8 p.m x 1 .5 to 2.0 

Polymorphism: no. 

Mobility: yes. 

Sporulation: no. 
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Gram staining: ^ entirely smooth periphery, low protrusion 

Colony formation: round, emu y 

parent. 



smooth surface layer, glossy, semitrans- 



10 



15 



20 



(2) Physiological properties: 
[0055] 

Catalase: 
Oxidase: 
O/F test: 

Reduction of nitrate: 
Formation of indole: 
Souring of D-glucose: 
Arginine dihydrolase: 
Urease: 

Aesculin hydrolysis: 
Gelatin hydrolysis: 
ft-Galactosidase: 

Fluorochrome production in King s B agar. 
Growth in 4% NaCI. 

Cumulation of poly-p-hydroxybutync ac,d. 
Hydrolysis of Tween 80: 



positive. 

oxSn type (non-fermentative). 

negative. 

positive. 

negative. 

negative. 

negative. 

negative. 

negative. 

negative. 

positive. 

positive (weak growth). 

negative/ 

positive. 



25 



(3) 



Substrate utilization ability: 



30 



35 



40 



[0056] 

D-glucose: 
L-arabinose: 
D-mannose: 
D-mannitol. 

N-acetyl-D-glucosamine: 
Maltose: 

Potassium gluconate: 
n-Capric acid: 
Adipic acid: 
DL-malic acid: 
Sodium citrate: 
Phenyl acetate: 



positive. 

positive. 

negative. 

negative. 

negative. 

negative. 

positive. 

positive. 

negative. 

positive. 

positive. 

positive. 



. Bacteriological Properties of Strain H45 



(1) Morphological Properties 
[0057] 

Size and shape of cells: 



rod-shaped bacteria o< 0.8 um X 1.0 to 1.2 urn. 



50 



55 



Polymorphism: 

Mobility: 
Sporulation: 
Gram staining. 
Colony formation. 



no. 
yes 
no 



negatiVe ' , nnth oeriphery low protrusion, smooth surface layer, glossy, 
round, entirely smooth peripnery, «uw H 

cream-colored. 



* judged by dying a nutrient agar 



cultured colony with Sudan black. 
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15 



20 



25 



30 



35 



40 



(2) Physiological prope 
[0058] 



Catalase: 
Oxidase: 
O/F test: 

Reduction of nitrate: 
Formation of indole: 
Souring of D-glucose: 
Arginine dihydrolase: 
Urease: 

Aesculin hydrolysis: 
Gelatin hydrolysis: 
(3-Galactosidase: 

Fluorochrome production in King's B agar: 
Growth in 4% NaCI: 

Accumulation of poly-p-hydroxybutyric acid: 

(3) Substrate utilization ability: 

[0059] 

D-glucose: positive. 
L-arabinose: negative. 
D-mannose: positive. 
D-mannitol: positive. 
N-acetyl-D-glucosamine: positive. 
Maltose: negative. 
Potassium gluconate: positive. 
n-Capric acid: positive. 
Adipic acid: negative. 
DL-malic acid: positive. 
Sodium citrate: positive. 
Phenyl acetate: positive. 

- Bacteriological Properties of Strain P91 - 

(1) Morphological Properties 

[0060] 

Size and shape of cells: 



positive. 

positive. 

oxidation type. 

negative. 

negative. 

negative. 

negative. 

negative. 

negative. 

negative. 

negative. 

positive. 

negative. 

negative 



rod-shaped bacteria of 0.6 \xrr\ x 1.5 \im. 



Polymorphism: 
Mobility: 
Sporulation: 
Gram staining: 
so Colony formation. 



no. 

yes. 

no. 

negative. 

round, entirely smooth periphery, low protrusion, smooth surface layer, 
glossy, cream-colored. 



(2) Physiological properties: 

55 [0061] 

Catalase: 
Oxidase: 



positive, 
positive. 
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O/F test: 

Reduction of nitrate: 
Formation of indole: 
Souring of D-glucose: 
Arginine dihydrolase: 
Urease: 

Aesculin hydrolysis: 
Gelatin hydrolysis: 
P-Galactosidase: 



EP 1 255 166 A2 

oxidation type. 

negative. 

negative. 

negative. 

positive. 

negative. 

negative: 

negative. 

negative. 



io Fluorochrome production in King's B agar: positive. 
(3) Substrate utilization ability: 



[0062] 

D-glucose: positive. 

L-arabinose: negative. 

D-mannose: negative. 

D-mannitol: negative. 
N-acetyl-D-glucosamine: negative. 

Maltose: negative. 

Potassium gluconate: positive. 

n-Capric acid: positive. 

Adipic acid: negative. 

DL-malic acid: positive. 

Sodium citrate: positive. 

Phenyl acetate: positive. 



- Bacteriological Properties of Strain P161 - 
(1) Morphological Properties 
[0063] 

35 Size and shape of cells: spherical, 0.6 u.m diameter. 



rod-shaped, 0.6 jim x 1 .5 to 2.0 p.m. 



40 



45 



50 



55 



Polymorphism: 
Mobility: 
Sporulation: 
Gram staining: 
Colony formation: 



yes (elongation type). 

yes. 

no. 

negative. 

round, entirely smooth periphery, low protrusion, smooth surface layer, pale yellow. 



(2) Physiological properties: 

[0064] 

Catalase: 
Oxidase: 
O/F test: 

Reduction of nitrate: 
Formation of indole: 
Souring of D-glucose: 
Arginine dihydrolase: 
Urease: 

Aesculin hydrolysis: 



positive. 

positive. 

oxidation type. 

positive. 

negative. 

negative. 

positive. 

negative. 

negative. 
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Gelatin hydrolysis: . negative. 
p-Galactosidase: negative. 
Fluorochrome production in King's B agar: positive. 



5 (3) Substrate utilization ability: 
[0065] 



D-glucose: positive. 

10 L-arabinose: positive. 

D-mannose: positive. 

D-mannitol positive. 

N-acetyl-D-glucosamine: positive. 

Maltose: negative. 

15 Potassium gluconate: positive. 

n-Capric acid: positive. 

Adipic acid: negative. 

DL-malic acid: positive. 

Sodium citrate: positive. 

20 Phenyl acetate: positive. 



- Culture Substrate - 

[0066] As a substrate capable of feeding acetyl-CoA or an energy source and a carbon source in the process ac- 
25 cording to the present invention, a culture medium component derived from a natural product such as yeast extract, 
polypeptone, meet extract (e.g., beef extract) or Casamino acid may be used. Also usable are saccharides, organic 
acids occurring as intermediates in the TCA (tricarboxylic acid) cycle, and organic acids occurring through one-stage 
ortwo-stage biochemical reaction from the TCA cycle, or salts thereof. Any of these compounds may appropriately be 
selected taking account of its utility as the substrate for microorganism to be used as long as they are compounds 
30 capable of feeding the acetyl-CoA or energy source and carbon source without passing through the 0-oxidation cycle. 
[0067] Where the intended bulky monomer may be in a small proportion, a straight-chain alkanoic acid having 4 to 
12 carbon atoms, or a salt thereof, may also be used as the substrate. In such as case, however, attention must be 
paid to the fact that a straight-chain and substituent-free, simple monomer (hereinafter simply "mcl") is in a larger 
proportion. 

35 [0068] Of these, the saccharides may include aldoses such as glyceraldehyde, erythrose, arabinose, xylose, glucose, 
galactose, mannose and fructose; alditols such as glycerol, erythritol and xylitol; aldones such as gluconic acid; uronic 
acids such as glucuronic acid and galacturonic acid; and disaccharides such as maltose, sucrose and lactose. At least 
one compound selected from these may preferably be used. 

[0069] The organic acids or salts thereof may include, as examples thereof, pyruvic acid, oxalacetic acid, citric acid, 
isocitric acid, ketoglutaric acid, succinic acid, fumaric acid, malic acid and lactic acid, or salts of these, and at least one 
compound selected from these may preferably be used. 

[0070] The amino acids or salts thereof may include glutamic acid and aspertic acid, or salts of these, and at least 
one compound selected from these may preferably be used. 

[0071] In particular, it is preferable to use polypeptone and saccharides. Of the saccharides, at least one selected 
45 from the group consisting of glucose, fructose and mannose is preferred. Any of these substrates may usually preferably 
be contained in a proportion of from 0.1% to 5% (w/v), and more preferably from 0.2% to 2% (w/v), per culture medium. 

- Culturing; General - 

so [0072] The intended PHA may be produced by culturing any of these microorganisms in a culture medium containing 
the alkanoate for introducing the desired monomer unit and the substrate for proliferation according to the present 
invention. Such a PHA is an isotactic polymer, which is commonly constituted of only the R-configuration. 
[0073] For the usual culturing of microorganisms used in the PHA production process according to the present in- 
vention, e.g., for the preparation of storage strains and for the proliferation to ensure the number of microorganism 

55 and active state, any type of culture mediums such as commonly available natural culture mediums and synthetic 
mediums to which nutrient sources have been added may be used as long as they do not adversely affect the growth 
and existence of microorganisms. Culturing conditions such as temperature, aeration and spinning may appropriately 
be selected in accordance with microorganisms to be used. 
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invention. 

- Cuituring; mcl-Alkanoate - 



50 



55 



- ouuumiy, mm ■ h" h in the 

L s age, in an inarg.nio cu.ure at om s as exerap.iaedev oetanoieaoid a, noa.noro 

by weight 10 0.2% by weight of an alKanoala ,M>>J ^ °a*on ^ m r , he 

ae,d and eontaina approximately tram 0.01% to .0 .« olan ' a ^ 0 oWoltim eotth. stationer, |*e.a.and, 
mieroorgaaism le eu.ared 1,0m the lane, phase »f * „„, sta „ co „ooted by dent-da- 

2 The seoond stage, the baotertal body termed on completion of lira euaurrg „ imslcly from 0.01% by 

?£.Z L «Ka S .nd ^r^erJ—nrdiTao^w n„ present, where, aberthe eettabn, 

SI' -SEET »be-. *e d.alrad PHA * ex^ed- fc ^ „ „ 

[00821 Hara, m tba method in whioh aa M"'^"* ... tb. mol-alkeno.t. added aa tba aobatr.t. 

stituted of only the R-configuration. 
- Cuituring; Saccharide - 

irst s age, in an inorganic cuiture or fructose) and contains approximately from 

by weight to 2.0% by weight of a saccharide (e^g g ucose ^mannc ^ ^ ^ microorganlsm ,s 

?01% by weight to 0.5% by weight of an ^^^ ^^ me of the stationary phase, and, in the second 
cultured from the latter phase of loganthmic "P to a pon v o ^ by centrjfugatlon 0 r the 

stage, the bacteria, body formed on '^^^^S^^b substrate for proliferation, approximately 
L and thereafter further cultured in a cutture ^J' u ™^^ u ^e m^n«>8e orf ructose) and contains approximately 

SS^S^J^^^!^ ie — by aapphyin, approximate* „om 
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0.1% by weight to 2.0°A^^n eight of a saccharide (e.g., glucose, mannose orfructose) as a substrate for proliferation 
and approximately from 0.01% by weight to 0.5% by weight of an alkanoate for introducing the desired monomer unit, 
and the bacterial body formed is collected from the latter phase of logarithmic growth up to a point of time of the 
stationary phase, where the desired PHA is extracted. 

5 [0085] Thus, the concentration of the saccharide (e.g., glucose, mannose or fructose) to be added to the culture 
medium may appropriately be selected in accordance with the type of the alkanoate for introducing the desired monomer 
unit, the genus of the microorganism, the density of the bacterial body or the culturing method. Usually, the saccharide 
may be added selecting its content in the culture medium in the range of approximately from 0.1% by weight to 2.0% 
by weight. As for the concentration of the alkanoate serving as a raw material, it may also appropriately be selected 

10 in accordance with the genus of the microorganism, the density of the bacterial body or the culturing method. Usually, 
the alkanoate may be added selecting its content in the culture medium in the range of approximately from 0.01% by 
weight to 0.5% by weight. Thus, as a result of the culturing of a microorganism in the culture medium which contains 
the saccharide (e.g., glucose, mannose orfructose) and the alkanoate, the desired PHA is produced and accumulated, 
in which any unintended monomer units are less mixedly present or not present at all. Such a PHA is an isotactic 

15 polymer, which is commonly constituted of only the R-configuration. 

- Culturing; Polypeptone - 

[0086] For example, as a method comprising a two-stage culturing process, a method is available in which, in the 
20 first stage, in an inorganic culture medium which contains, as a substrate for proliferation, approximately from 0.1% 
by weight to 2.0% by weight of polypeptone and contains approximately from 0.01% by weight to 0.5% by weight of 
an alkanoate for introducing the desired monomer unit, the microorganism is cultured from the latter phase of logarithmic 
growth up to a point of time of the stationary phase, and, in the second stage, the bacterial body formed on completion 
of the culturing in the first stage is collected by centrifugation or the like and thereafter further cultured in a culture 
25 medium which contains approximately from 0.01% by weight to 0.5% by weight of that alkanoate and in which any 
nitrogen source is not present, where, after the culturing has been completed, the bacterial body is collected and the 
desired PHA is extracted. 

[0087] Another method is also available in which the microorganism is cultured by supplying approximately from 
0.1% by weight to 2.0% by weight of polypeptone and approximately from 0.01% by weight to 0.5% by weight of an 

30 alkanoate for introducing the desired monomer unit, and the bacterial body formed is collected from the latter phase 
of logarithmic growth up to a point of time of the stationary phase, where the desired PHA is extracted. 
[0088] Thus, the concentration of the polypeptone to be added to the culture medium may appropriately be selected 
in accordance with the type of the alkanoate for introducing the desired monomer unit, the genus of the microorganism, 
the density of the bacterial body or the culturing method. Usually, the polypeptone may be added selecting its content 

35 in the culture medium in the range of approximately from 0.1% by weight to 2.0% by weight. Also, as the polypeptone, 
any commercially available polypeptone used generally for the culturing of microorganisms may preferably be used. 
As for the concentration of the alkanoate serving as a raw material, it may also appropriately be selected in accordance 
with the genus of the microorganism, the density of the bacterial body or the culturing method. Usually, the alkanoate 
may be added selecting its content in the culture medium in the range of approximately from 0.01 % by weight to 0.5% 

40 by weight. Thus, as a result of the culturing of a microorganism in the culture medium which contains the polypeptone 
and the alkanoate, the desired PHA is produced and accumulated, in which any unintended monomer units are less 
mixedly present or not present at all. Such a PHA is an isotactic polymer, which is commonly constituted of only the 
R-configuration. 

45 - Culturing; Organic Acid Participating in TCA Cycle - 

[0089] For example, as a method comprising a two-stage culturing process, a method is available in which, in the 
first stage, in an inorganic culture medium which contains, as a substrate for proliferation, approximately from 0.1% 
by weight to 2.0% by weight of an organic acid participating in the TCA cycle (e.g., lactic acid, pyruvic acid, citric acid, 

50 succinic acid, fumaric acid or malic acid, or a salt thereof) and contains approximately from 0.01% by weight to 0.5% 
by weight of an alkanoate for introducing the desired monomer unit, the microorganism is cultured from the latter phase 
of logarithmic growth up to a point of time of the stationary phase, and, in the second stage, the bacterial body formed 
on completion of the culturing in the first stage is collected by centrifugation or the like and thereafter further cultured 
in a culture medium which contains, as a substrate for proliferation, approximately from 0.1% by weight to 2.0% by 

55 weight of an organic acid participating in the TCA cycle (e.g., lactic acid, pyruvic acid, citric acid, succinic acid, fumaric 
acid or malic acid, or a salt thereof) and contains approximately from 0.01% by weight to 0.5% by weight of that al- 
kanoate and in which any nitrogen source is not present, where, after the culturing has been completed, the bacterial 
body is collected and the desired PHA is extracted. 
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ganisms and its accumraWon in the bacterial body, and the collection of the PHA from the bacterial body are by no 
means limited to the above methods. For example, as the microorganism utilized in the PHA production process ac- 
cording to the present invention, besides the four kinds of strains described previously usable are any microorganisms 
having the ability to produce the PHA according to the present invention, like these four kinds of strains. 



- Other Constituent Materials 

[0096] Other constituent materials which constitute the toner for developing electrostatic latent images according to 
the present invention are described below. The toner for developing electrostatic latent images is constituted of, in 
10 addition to the binder resin described above, a colorant, a charge control agent and other additives which are optionally 
added. 



15 [0097] First, as the binder resin, only the binder resin of the present invention may preferably be used. In addition 
to the binder resin of the present invention, other thermoplastic resin may be incorporated as a binder resin. For ex- 
ample, the former may be used in the form of its mixture with one or more of styrene type polymers such as polystyrene, 
polyacrylate and a styrene-acrylate copolymer, polyvinyl chloride, polyvinyl acetate, polyvinylidene chloride, phenolic 
resins, epoxy resins and polyester resins, and any resins may be used without any particular limitations as long as 

20 they are those usually used when toners are produced. 

[0098] Where a thermoplastic resin having no biodegradability is used as the binder resin other than the PHA, such 
an additional thermoplastic resin may preferably be mixed in a proportion of 80% by weight or less, and particularly 
50% by weight or less. If the additional thermoplastic resin is in a proportion larger than 80% by weight, the additional 
thermoplastic resin may have so excessively a high binding strength to the paper surface that the toner may have low 

25 deinking properties. Also, where the toner is used as a biodegradable toner, it is preferable not to use such an additional 
thermoplastic resin having no biodegradability 

[0099] I n the present invention, any commercially available biodegradable plastic of various types may also preferably 
be mixed and used. The biodegradable plastic may include, e.g., ECOSTAR and ECOSTAR PLUS (trade names; 
available from Hagiwara Kogyo), BIOPOLE (trade name; available from I.C.I Japan), AJICOAT (trade name; available 

30 from Ajinomoto), PLACCELL and 

[0100] POLYCAPROLACTONE (trade names; available from Daicell Chemical), SHOREX and BIONORE (trade 
names; available from Showa Denko), LACTY (trade name; available from Shimadzu Corporation), and RAYCIA (trade 
name; available from Mitsui Chemical). In the case when any of these resins are mixed and used, the biodegradability 
inherent in the toner of the present invention is not damaged. 

35 [0101] Of these, the polycaprolactone (i.e., a polymer of e-caprolactone) or the poiylactic acid referred to previously 
is particularly preferred in view of advantages that it is completely degradable with ease by lipase, esterase or the like 
and it can readily be blended with other resins, or modified in physical properties by copolymerization or the like. 
[0102] The styrene type polymers may include copolymers of styrene with acrylate or methacrylate and copolymers 
of other monomers copolymerizable with these, and copolymers of styrene with diene monomers (such as butadiene 

40 and isoprene) and copolymers of other monomers copolymerizable with these. The polyester type polymers may in- 
clude polycondensation products of aromatic dicarboxylic acids with alkylene oxide addition products of aromatic diols. 
The epoxy type polymers may include reaction products of aromatic diols with epichlorohydrin, and modified products 
thereof. The polyolefin type polymers may include polyethylene, polypropylene, and copolymers of any of these with 
other copolymerizable monomers. The polyurethane type polymers may include polyaddition products of aromatic 

45 diisocyahates with alkylene oxide addition products of aromatic diols. 

[0103] As specific examples of the binder resin usable in the form of a mixture with the binder resin of the present 
invention, it may include polymers of the following polymerizable monomers, or mixtures of any of these, or copolym- 
erization products obtained using two or more of the following polymerizable monomers. Such resins may specifically 
include, e.g., styrene type polymers such as styrene-methacrylic acid type polymers, as well as the polyester type 

50 polymers, epoxy type polymers, polyolefin type polymers and polyurethane type polymers. 

[0104] As specific examples of the polymerizable monomers, it may include, e.g., styrene; styrene derivatives such 
as o-methylstyrene, m-methylstyrene, p-methylstyrene, p-methoxystyrene, p-phenylstyrene, p-chlorostyrene, 
3,4-dichlorostyrene, p-ethylstyrenee, 2,4-dimethylstyrene, p-n-butylstyrene, p-tert-butylstyrene, p-n-hexylstyrene, p- 
n-octylstyrene, p-n-nonylstyrene, p-n-decylstyrene and p-n-dodecylstyrene; ethylene unsaturated monoolefins such 

55 as ethylene, propylene, butylene and isobutylene; unsaturated polyenes such as butadiene; vinyl halides such as vinyl 
chloride, vinylidene chloride, vinyl bromide and vinyl fluoride; vinyl esters such as vinyl acetate, vinyl propionate and 
' vinyl benzoate; a-methylene aliphatic monocarboxylates such as methyl methacrylate, ethyl methacrylate, propyl meth- 
acrylate, n-butyl methacrylate, isobutyl methacrylate, n-octyl methacrylate, dodecyl methacrylate, 2-ethylhexyl meth- 
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Acid Red 1, C.I. Basic^RFl , C.I. Mordant Red 30, C.I. Direct Blue 1, C.I. ^Hct Blue 2, C.I. Acid Blue 9, C.I. Acid 
Blue 15, C.i. Basic Blue 3, C.I. Basic Blue 5, C.I. Mordant Blue 7, C.I. Direct Green 6, C.L Basic Green 4 and C.I. Basic 
Green 6. As the pigments, usable are chrome yellow, cadmium yellow, mineral fast yellow, navel yellow, Naphthol 
Yellow S, Hanza Yellow G, Permanent Yellow NCG, Tartrazine Yellow Lake, chrome orange, molybdenum orange, 
Permanent Orange GTR, Pyrazolone Orange, Benzidine Orange G, cadmium red, Permanent Red 4R. Watching Red 
calcium salt, Eosine Lake, Brilliant Carmine 3B, manganese violet, Fast Violet B, Methyl Violet Lake, Prussian blue, 
cobalt blue ; Alkali Blue Lake, Victoria Blue Lake, Phthalocyanine Blue, Fast Sky Blue, Indanthrene Blue BC, chrome 
green, chromium oxide, Pigment Green B, Malachite Green Lake, Final Yellow Green G and so forth. 
[01 12] When the toner for developing electrostatic latent images according to the present invention is used as toners 
for full-color two-component developers, those shown below may be used as colorants. For example, color pigments 
for a magenta toner may include, C.I. Pigment Red 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 21 f 

22, 23, 30, 31, 32, 37, 38, 39, 40, 41, 48, 49, 50, 51, 52, 53, 54, 55, 57, 58, 60, 63, 64, 68, 81, 83, 87, 88, 89, 90, 112, 
114, 122, 123, 163, 202, 206, 207, 209; C.I. Pigment Violet 19; and C.I. Vat Red 1,2, 10, 13, 15, 23, 29, 35. 
[0113] In the present invention, any of the pigments listed above may be used alone, or dyes may be used in com- 
bination with such pigments so that color sharpness can be improved. This is preferable in view of image quality of 
full-color images. Magenta dyes usable in such a case may include oil-soluble dyes such as C.I. Solvent Red 1 , 3, 8, 

23, 24, 25, 27, 30, 49, 81, 82, 83, 84, 100 : 109, 121, C.I. Disperse Red 9, C.I. Solvent Violet 8, 13, 14, 21, 27, and C. 
I. Disperse Violet 1 ; and basic dyes such as C.I. Basic Red 1, 2, 9, 12, 13, 14, 15, 17, 18, 22, 23, 24, 27, 29, 32, 34, 
35, 36, 37, 38, 39, 40, and C.I. Basic Violet 1, 3 : 7, 10, 14, 15, 21, 25, 26, 27, 28. 

[0114] As other color pigments, cyan color pigments may include C.I. Pigment Blue 2, 3, 15, 16, 17, C.I. Vat Blue 6, 
C.I. Acid Blue 45, or copper phthalocyanine pigments whose phthalocyanine skeleton has been substituted with 1 to 
5 phthalimide methyl group(s). 

[0115] Yellow color pigments may include C.I. Pigment Yellow 1, 2, 3, 4, 5, 6, 7, 10, 11, 12, 13, 14, 15, 16, 17, 23, 
65, 73, 83, and C.I. Vat Yellow 1 , 3, 20. 

[0116] The dyes and pigments as described above may each be used alone. Otherwise, any of them may arbitrarily 
be mixed and then used, in order to obtain the desired color tone of toners. 

[0117] Taking account of the environmental conservation and the safety to human bodies, water-insoluble food dyes 
such as food lakes of various types may preferably be used, which may include, e.g., food red No. 40 aluminum lake, 
food red No. 2 aluminum lake, food red No. 3 aluminum lake, food red No. 1 06 aluminum lake, food yellow No. 5 aluminum 
lake, food yellow No.4 aluminum lake, food blue No.1 aluminum lake and food blue No.2 aluminum lake. 
[0118] The above water-insoluble food dyes may also function as charge control agents. In such a case, as charge 
control agents for negative charging, the above aluminum lakes may preferably be used. Thus, in the case when the 
water-insoluble food dyes have the function of charge control agents, they not only can improve the environmental 
safety of toners, but also can contribute to the cost reduction of toners. 

[01 19] The content of the above colorant in the toner may be changed in a wide range in accordance with the desired 
coloring effect and so forth. Usually, in order to attain the best toner characteristics, i.e., taking account of coloring 
power for printing, shape stability of toner particles, toner scattering and so forth, any of these colorants may usually 
be used in an amount of from 0.1 to 60 parts by weight, and preferably from 0.5 to 20 parts by weight, based on 100 
parts by weight of the binder resin. 

(Charge Control Agent) 

[01 20] As the charge control agent, any charge control agent used conventionally may be used. As specific examples, 
it may include nigrosine type dyes and quaternary ammonium salt or monoazo type metal complex salt dyes. The 
quantity of the charge control agent to be used may be determined taking account of conditions such as the chargeability 
of the binder resin, the quantity of the colorant to be added, the method of production inclusive of a dispersion method 
and the chargeability of other additives. The charge control agent may be used in a proportion of from 0.1 to 20 parts 
by weight, and preferably from 0.5 to 10 parts by weight, based on 1 .00 parts by weight of the binder resin. Besides 
this, inorganic particles such as metal oxide particles or an inorganic material surface-treated with an organic material 
may also be used. Any of these charge control agents may be so used as to be mixed in the binder resin, or may be 
used in such a form that it has adhered to toner particle surfaces. 

- Other Components of Toner - 

[0121] In the toner for developing electrostatic latent images according to the present invention, in addition to the 
binder resin and colorant: components described above, the following compounds may be added. Such compounds 
are exemplified by silicone resin, polyester, polyurethane, polyamide, epoxy resin, polyvinyl butyral, rosin, modified 
rosin, terpene resin, phenolic resin, aliphatic hydrocarbon resin such as low : molecular weight polyethylene or low- 
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[0127] In order to improve toner's developing performance and running performance, it is also preferable to add the 
following inorganic powder. It may include, e.g., oxides of metals such as magnesium, zinc, aluminum, cerium, cobalt,* 

5 iron, zirconium, chromium, manganese, strontium, tin and antimony; composite metal oxides such as calcium titanate, 
magnesium titanate and strontium titanate; metal salts such as calcium carbonate, magnesium carbonate and alumi- 
num carbonate; clay minerals such as kaolin; phosphoric acid compounds such as apatite; silicon compounds such 
as silicon carbide and silicon nitride; and carbon powders such as carbon black and graphite powder. In particular, fine 
powder of zinc oxide, aluminum oxide, cobalt oxide, manganese dioxide, strontium titanate or magnesium titanate may 

10 preferably be used. 

(Lubricant) 

[0128] A lubricant powder as shown below may also be added to the toner. It may include, e.g., fluorine resins such 
is as Teflon and polyvinylidene fluoride; fluorine compounds such as carbon fluoride; fatty acid metal salts such as zinc 
stearate; fatty acids, and fatty acid derivatives such as fatty esters; and molybdenum sulfide. 

[0129] These constituents, the binder resin usable in the form of a mixture with the binder resin of the present in- 
vention, colorant, charge control agent and other additives optionally added, are each in a very small content in the 
toner. However, taking account of post-disposal, it is more preferable to use those having biodegradability. 

20 

- Carrier - 

[0130] The toner for developing electrostatic latent images according to the present invention, constituted as de- 
scribed above, may be used alone as a non-magnetic one-component developer, or may be applied to conventionally 

25 known various toners such as a non-magnetic toner which constitutes a magnetic two-component developer together 
with a magnetic carrier, and a magnetic toner used alone as a magnetic one-component developer. Here, as a carrier 
used in two-component development, any of conventionally known carriers may be used. Stated specifically, particles 
formed of metals such as iron, nickel, cobalt, manganese, chromium and rare earth elements, and alloys or oxides 
thereof, having been surface-oxidized or unoxidized and having an average particle diameter of from 20 to 300 pm, 

30 may be used. Also, it is preferable to use carriers comprising such carrier particles to or on the surfaces of which a 
material such as a styrene resin, an acrylic resin, a silicone resin, a fluorine resin or a polyester resin has been made 
to adhere or coated. 

- Magnetic Toner - 

35 

[0131] The toner for developing electrostatic latent images according to the present invention may also be made 
usable as a magnetic toner by incorporating a magnetic material into toner particles. In this case, the magnetic material 
may also be made to serve as the colorant. The magnetic material used here may include iron oxides such as magnetite, 
hematite and ferrite; magnetic metals such as iron, cobalt and nickel, or alloys of any of these metals with a metal such 

40 as aluminum, cobalt, copper, lead, magnesium, tin, zinc, antimony, beryllium, bismuth, cadmium, calcium, manganese, 
selenium, titanium, tungsten or vanadium, and mixtures of any of these. As these magnetic material usable in the 
present invention, those having an average particle diameter of from 2 jim or less, and preferably approximately from 
0.1 to 0.5 |±m, are preferred. As its quantity in which it is incorporated in the toner, it may preferably be used in an 
amount of from 20 to 200 parts by weight based on 100 parts by weight of the binder resin, and particularly in an 

45 amount of from 40 to 1 50 parts by weight based on 1 00 parts by weight of the binder resin. 

[0132] In order to achieve much higher image quality, it must be made possible to develop finer latent image dots 
faithfully. For that end, it is preferable that, e.g., the toner for developing electrostatic latent images according to the 
present invention has toner particles so regulated as to have a weight-average particle diameter of from 4 ^im to 9 |xm. 
Namely, toner particles having a weight-average particle diameter smaller than 4 \xxr\ are not preferable because they 

50 may cause a lowering of transfer efficiency and hence transfer residual toner tends to remain on the photosensitive 
member in a large quantity, tending to cause non-uniform or uneven images due to fog and faulty transfer. Also, toner 
particles having a weight-average particle diameter larger than 9 jxm tend to cause spots around characters or line 
images. 

[0133] In the present invention the average particle diameter and particle size distribution of the toner are measured 
55 with a Coulter counter Model TA-II or Coulter Multisizer (manufactured by Coulter Electronics, Inc.): An interface (man- 
ufactured by Nikkaki k k.) that outputs number distribution and volume distribution and a personal computer PC9801 
(manufactured by NEC.) are connected. As an electrolytic solution used in the measurement, an aqueous 1% NaCI 
solution is prepared using first-grade sodium chloride. For example, commercially available, ISOTON R-ll (available 
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Ta bottle with a vo.ume of 50 to 100 mL, made of P^^J^J^ ^^ofToo mm and a shaking speed of 
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Calculation^ expression: 
[0136] 

Quantity of triboelectricity (u-C/g) = C x V/(W1 - W2) 
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- Measurement of Molecular Weight of Binder Resin - 
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resin • , to , »^ as the binder resin a binder resin having a ratio of weight- 
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- Glass Transition Point of Toner 
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oWm D341 8-82. In the present invention, a measuringslmf 



measured according to D341 8-82. In the present invention , a measuring sample is once heated to take a previous 
history and thereafter cooled rapidly. Then, the sample is again heated at a heating rate of 10°C/min. within the tem- 
perature range of 0 to 200°C, where the DSC curve thus measured may be used. 



s - Image-forming Method and Apparatus - 

[0140] The toner for developing electrostatic latent Images according to the present invention, constituted as de- 
scribed above, may particularly preferably be applied to; 

an image-forming method having at least a charging step of applying a voltage to a charging member from its 

10 outside to charge an electrostatic-latent-image-bearing member electrostatically; a latent-image-forming step of form- 
ing an electrostatic latent image on the electrostatic-latent-image-bearing member thus charged; a developing step of 
developing the electrostatic latent image by the use of a toner to form a toner image on the electrostatic-latent-image- 
bearing member; a transfer step of transferring to a recording medium the toner image formed on the elect rostatic- 
latent-image-bearing member; and a heat fixing step of fixing by heat the toner image held on the recording medium; or 

15 an image-forming method in which the transfer step comprises a first transfer step of transferring to an interme- 

diate transfer member the toner image formed on the electrostatic-latent-image-bearing member and a second transfer 
step of transferring to a recording medium the toner image held on the intermediate transfer member. 
[0141] The apparatus used in this method may preferably have means corresponding to the respective steps . i.e., 
a charging means, an electrostatic-latent-image-forming means, a developing means, a transfer means and a heat 

20 fixing means. 

EXAMPLES 

[0142] The present invention is described below in greater detail by giving Examples and Comparative Examples. 
25 Also, "part(s)" in the following is "part(s) by weight" in all occurrences. 

Example 1 

[0143] In 20 L of M9 medium containing 0.5% of D-glucose and 0.1% of 5-phenylvaleric acid (PVA), Pseudomonas 
30 cichorii strain YN2 (FERM BP-7375) was inoculated to effect spinner culture under aeration at 30°C, 80 revolutions/ 
minute and an aeration rate of 2.5 L/minute. After 48 hours, the bacterial body was collected by centrifugation, and 
then again suspended in 20 L of M9 medium containing 0.5% of D-glucose and 0.1% of PVA and not containing any 
nitrogen source (NH 4 CI), further followed by spinner culture under aeration at 30°C, 80 revolutions/minute and an 
aeration rate of 2.5 L/minute. After 48 hours, the bacterial body was collected by centrifugation. From the wet bacterial 
35 body thus collected, a 1 g portion was dispensed for its use in analysis and evaluation, and then washed once with 
cold methanol, followed by freeze-drying to obtain freeze-dried pellets. 

[0144] In regard to the remaining wet bacterial body, it was suspended in 500 mL of an aqueous solution of about 
1 .7% of sodium hypochlorite, which was then stirred at about 4°C for 2 hours to extract a PHA. The PHA was collected 
by centrifugation, followed by drying, so that the PHA was obtained in an amount of 0.41 g per 1 L of the culture medium 

40 solution. This PHA was designated as PHA1 , and was used as a binder resin. 

[0145] Meanwhile, the freeze-dried pellets were suspended in 20 mL of chloroform, which were then stirred at 60°C 
for 20 hours to extract a PHA. The liquid extract obtained was filtered with a membrane filter of 0.45 jim in pore diameter, 
and thereafter concentrated by means of a rotary evaporator. The concentrated liquid was re-precipitated in cold meth- 
anol, and further only the precipitate formed was collected, followed by vacuum drying to obtain a PHA. 

45 [0146] The PHA thus obtained was compositionally analyzed in the following way: About 1 0 mg of the PHA was put 
into a 25 mL volume eggplant type flask, and dissolved in 2 mL of chloroform, followed by addition of 2 mL of a methanol 
solution containing 3% sulfuric acid to carry out reaction for 3.5 hours under reflux at 100°C. After the reaction was 
completed, 10 mL of deionized water was added to the reaction mixture, which was then vigorously shaked for 10 
minutes. Thereafter, of the two layers separated, the lower layer chloroform layer was taken out, and then dehydrated 

50 with magnesium sulfate. Thereafter, this chloroform layer was put to a gas chromatography mass spectrometer 
(GC-MS; apparatus: Shimadzu QP-5050; column: DB-WAX, J & W Co., 0.32 mm X 30 m; El method) to make identi- 
fication of the methyl-esterified products of PHA monomer units. As the result, it was found that, as the PHA monomer 
units : 98% was held by a 3-hydroxy-5-phenylvaleric acid (3HPV) unit, and 2% a 3-hydroxy butyric acid unit. Thus, a 
PHA having in a high percentage the 3HPV monomer unit, the desired monomer unit derived from the PVA, was 

55 obtained in a high yield. 

[0147] The molecular weight of this PHA was also evaluated by gel permeation chromatography (GPC: Toso HLC- 
8220; column: Polymer Laboratory PLgel MIXED-C, 5 u.m; solvent: chloroform; in terms of polystyrene). As the result, 
its molecular weight was found to be Mn (number-average molecular weight) = 85,200 and Mw (weight-average mo- 
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Example 2 

5 [0148] A PHA containing a 3-hydroxy-5-(4-fluorophenyl)valeric acid (3HFPV) monomer unit was synthesized under 
entirely the same conditions as in Example 1 except that 5-(4-fluorophenyl)valeric acid (FPVA) was used in place of 
the PVA. Thus, a PHA was obtained in an amount of 0.87 g per 1 L of the culture medium solution. This PHA was 
designated as PHA2, and was used as a binder resin. 

[0149] The PHA obtained was analyzed and evaluated in the same manner as in Example 1 to find that, as the PHA 
10 monomer units, 96% was held by a 3HFPV unit, and 4% a 3 -hydroxy butyric acid unit. Thus, a PHA having in a high 
percentage the 3HFPV monomer unit, the desired monomer unit derived from the PVA, was obtained in a high yield. 
Also, its molecular weight was found to be Mn = 71 ,500 and Mw = 1 58,000. 

Example 3 

15 

[0150] A PHA containing a 3-hydroxy-4-phenoxybutyric acid (3HPxB) monomer unit was synthesized under entirely 
the same conditions as in Example 1 except that 4-phenoxybutyric acid (PxBA) was used in place of the PVA. Thus, 
a PHA was obtained in an amount of 0.15 g per 1 L of the culture medium solution. This PHA was designated as PHA3, 
and was used as a binder resin. 
20 [0151] The PHA obtained was analyzed and evaluated in the same manner as in Example 1 to find that, as the PHA 
monomer units, 95% was held by a 3HPxB unit, and 5% a 3-hydroxybutyric acid unit. Thus, a PHA having in a high 
percentage the 3HPxB monomer unit, the desired monomer unit derived from the PxBA, was obtained in a high yield. 
Also, its molecular weight was found to be Mn = 71 ,500 and Mw = 1 58,000. 

25 Example 4 

[01 52] A PHA containing a 3-hydroxy-5-phenoxyvaleric acid (3HPxV) monomer unit was synthesized under entirely 
the same conditions as in Example 1 except that 5-phenoxyvaleric acid (PxVA) was used in place of the PVA. Thus, 
a PHA was obtained in an amount of 0.55 g per 1 L of the culture medium solution. This PHA was designated as PHA4, 
30 and was used as a binder resin. 

[01 53] The PHA obtained was analyzed and evaluated in the same manner as in Example 1 to find that, as the PHA 
monomer units, 97% was held by a 3HPxV unit, and 3% a 3-hydroxybutyric acid unit. Thus, a PHA having in a high 
percentage the 3HPxV monomer unit, the desired monomer unit derived from the PxVA, was obtained in a high yield. 
Also, its molecular weight was found to be Mn = 69,500 and Mw = 1 60,000. 

35 

Example 5 

[0154] In 20 L of M9 medium containing 0.5% of D-glucose, Pseudomonas cichorii strain YN2 was inoculated to 
effect shaking culture at 30°C and 125 strokes/minute for 72 hours. This cultured bacterial body was added to 20 L of 

40 M9 medium containing 0.5% of D-glucose and 0.1% of FPxBA to subsequently effect spinner culture under aeration 
at 30°C, 80 revolutions/minute and an aeration rate of 2.5 L/minute. After 48 hours, the bacterial body was collected 
by centrifugation, and then again suspended in 20 L of M9 medium containing 0.5% of D-glucose and 0.1% of FPxBA 
(not containing any nitrogen source NH 4 CI), further followed by spinner culture under aeration at 30°C, 80 revolutions/ 
minute and an aeration rate of 2.5 L/minute. After 48 hours, the bacterial body was collected by centrifugation. From 

45 the wet bacterial body thus collected, a 1 g portion was dispensed for its use in analysis and evaluation, and then 
washed once with cold methanol, followed by f reeze-drying to obtain freeze-dried pellets. 

[0155] In regard to the remaining wet bacterial body, it was suspended in 500 ml_ of an aqueous solution of about 
1 .7% of sodium hypochlorite, which was then stirred at about 4°C for 2 hours to extract a PHA. The PHA was collected 
by centrifugation, followed by drying, so that the PHA was obtained in an amount of 0.24 g per 1 L of the culture medium 

50 solution. This PHA was designated as PHA5, and was used as a binder resin. 

[01 56] The PHA obtained was analyzed and evaluated in the same manner as in Example 1 to find that, as the PHA 
monomer units, 75% was held by a 3-hydroxy-4-(4-fluorophenoxy)butyric acid (3HFPxB) unit, and 25% at least one 
unit of 3-hydroxybutyric acid, 3-hydroxyhexanoic acid, 3-hydroxyoctanoic acid, 3-hydroxydecanoic acid, 3-hydroxydo- 
decanoic acid and 3-hydroxydodecenoic acid units. Thus, a PHA having in a high percentage the 3HFPxB monomer 

55 unit, the desired monomer unit derived from the FPxBA, was obtained in a high yield. Also, its molecular weight was 
found to be Mn = 45,200 and Mw = 97,200. 

[0157] This PHA was also analyzed by NMR spectroscopy under the following measurement conditions to ascertain 
that the PHA obtained was chiefly composed of the 3HFPxB unit. 
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Measuring Instrumenr 
[01 58] FT-NM R: Bruker DPX400. 
- Measurement Conditions - 
[0159] 



Resonance frequency: 1 H: 400 MHz. 
10 13 C:100MHz 

Measurement nuclide: 1 H, 13 C 
Solvent used: CDCI 3 . 

Reference: Capillary-encapsulated TMS/CDCI 3 . 
Measurement temperature: room temperature. 

15 

[0160] A measured 1 H-NMR spectrum chart is shown in Fig. 8. The results Qf analysis (identification) on main-peak 
signals of the NMR spectrum shown in Fig. 8 are shown in Table 1. 



Table 1 



1 H-NMR Spectrum Measurement Results (see Fig. 8) 


Chemical Shift (ppm) 


Identification results 


2.76 


2H : CH 2 b1 


3.95-4.06 


2H : CH 2 d1 


5.46 


1H : CH d 


6.71-6.90 


4H ! -C 6 H 4 -f1 J g1 l i1 l j1 



Example 6 

[0161] A PHA containing a 3-hydroxy-4-cyclohexylbutyric acid (3HCHB) monomer unit was synthesized under en- 
tirely the same conditions as in Example 1 except that 4-cyclohexylbutyric acid (CHBA) was used in place of the PVA. 
Thus, a PHA was obtained in an amount of 0.79 g per 1 L of the culture medium solution. This PHA was designated 
as PHA6, and was used as a binder resin. 
35 [0162] The PHA obtained was analyzed and evaluated in the same manner as in Example 1 to find that, as the PHA 
monomer units, 98% was held by a 3HCHB unit, and 2% a 3-hydroxybutyric acid unit. Thus, a PHA having in a high 
percentage the 3HCHB monomer unit, the desired monomer unit derived from the CHBA, was obtained in a high yield . 
Also, its molecular weight was found to be Mn = 92,200 and Mw = 218,000. 



40 Example 7 

[0163] A PHA containing a 3-hydroxy-4-(4-fluorocyclohexyl)butyric acid (3HFCHB) monomer unit was synthesized 
under entirely the same conditions as in Example 1 except that 4-(4-fluorocyclohexyl)butyric acid (FCHBA) was used 
in place of the PVA. Thus, a PHA was obtained in an amount of 0.69 g per 1 L of the culture medium solution. This 
45 PHA was designated as PHA7, and was used as a binder resin. 

[0164] The PHA obtained was analyzed and evaluated in the same manner as in Example 1 to find that, as the PHA 
monomer units, 88% was held by a 3HFCHB unit, and 12% a 3-hydroxybutyric acid unit. Thus, a PHA having in a high 
percentage the 3HFCHB monomer unit, the desired monomer unit derived from the FCHBA, was obtained in a high 
yield. Also, its molecular weight was found to be Mn = 71 ,500 and Mw = 158,000. 

50 

Example 8 



[0165] A PHA containing a 3-hydroxy-5-benzoylvaleric acid (3HBzV) monomer unit was synthesized under entirely 
the same conditions as in Example 1 except that 5-benzoylvaleric acid (BzVA) was used in place of the PVA. Thus, a 
PHA was obtained in an amount of 0.52 g per 1 L of the culture medium solution. This PHA was designated as PHA8, 
and was used as a binder resin. 

[0166] The PHA obtained was analyzed and evaluated in the same manner as in Example 1 to find that, as the PHA 
monomer units, 82% was held by a 3HBzV unit, and 18% a 3-hydroxybutyric acid unit. Thus, a PHA having in a high 
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as obtained in a high yield. 



percentage the 3HBzV monomeHThit, the desired monomer unit derived from the Bzl 
Also, its molecular weight was found to be Mn = 305,000 and Mw = 1,150,000. 

[0167] This PHA was also analyzed by NMR spectroscopy under the same measurement conditions as in Example 
5 to ascertain that the PHA obtained was chiefly composed of the 3HBzV unit. 

[0168] A 1 H-NMR spectrum and a 13 C-NMR spectrum are shown in Figs. 9 and 1 0, respectively, and its identification 
results, in Table 2. 



Table 2 



10 



15 



20 



25 



30 



35 



1 H- and 13 C-NMR spectra Identification Results 




1 H 


13 C 


Position 


Chemical shift (ppm) 


Integral value 


Type 


Chemical shift (ppm) 


a 








169.3 


b 


2.56 


2 


m 


39.2 


c 


5.26 


1 


m 


70.2 


d 


2.04 


2 


m 


28.0 


e 


3 


2 


m 


34.0 j 


f 








198.6 


g 








136.5 


h,1 


7.89 


2 


d 


127.9 


i,k 


7.36 


2 


m 


128.5 


j 


7.46 


1 


t 


133.0 


d: doublet; t: triplet; 


m: multiplet 







Example 9 

[0169] A PHAcontaining a3-hydroxy-5-(4-f!uorobenzoyl)valeric acid (3HFBzV) monomer unit was synthesized under 
entirely the same conditions as in Example 1 except that 5-(4-fluorobenzoyl)valeric acid (FBzVA) was used in place 
of the PVA. Thus : a PHA was obtained in an amount of 0.38 g per 1 L of the culture medium solution. This PHA was 
designated as PHA9, and was used as a binder resin. 

[0170] The PHA obtained was analyzed and evaluated in the same manner as in Example 1 to find that, as the PHA 
monomer units, 75% was held by a 3HFBzV unit, and 25% a 3- hydroxy butyric acid unit. Thus, a PHA having in a high 
percentage the 3HFBzV monomer unit, the desired monomer unit derived from the FBzVA, was obtained in a high 
yield. Also, its molecular weight was found to be Mn = 275,000 and Mw = 792,000. 

[0171] This PHA was also analyzed by NMR spectroscopy under the same measurement conditions as in Example 
5 to ascertain that the PHA obtained was chiefly composed of the 3HFBzV unit. 



40 Example 10 



45 



50 



[0172] A PHA containing a 3-hydroxy-5-(4-fluorophenyl)va!eric acid (3HFPV) monomer unit and a 3-hydroxy- 
5-(4-fluorophenoxy)valeric acid (3HFPxV) monomer unit was synthesized under entirely the same conditions as in 
Example 1 except that 0. 1 % each of 5-(4-f luorophenyl)valeric acid (FPVA) and 5-(4-fluorophenoxy)valeric acid (FPxVA) 
were used in place of the PVA. Thus : a PHA was obtained in an amount of 0.85 g per 1 L of the culture medium solution. 
This PHA was designated as PHA10, and was used as a binder resin. 

[0173] The PHA obtained was analyzed and evaluated in the same manner as in Example 1 to find that, as the PHA 
monomer units, 90% was held by a 3HFPV unit, 9% a 3HFPxV unit, and 1% at least one unit of 3-hydroxybutyric acid, 
3-hydroxyhexanoic acid, 3-hydroxyoctanoic acid, 3-hydroxydecanoic acid, 3-hydroxydodecanoic acid and 3-hydroxy- 
dodecenoic acid units. Thus, a PHA having in a high percentage the 3HFPV and 3HFPxV monomer units, the desired 
monomer units derived from the FPVA and FPxVA, respectively, was obtained in a high yield. Also, its molecular weight 
was found to be Mn = 52,500 and Mw = 127,000. 



55 



Example 11 

[01 74] A PHA containing a 3-hydroxy-7-phenoxyheptanoic acid (3H PxHp) monomer unit and a 3-hydroxy-5-phenox- 
yvaleric acid (3HPxV) monomer unit was synthesized under entirely the same conditions as in Example 1 except that 
7-phenoxyheptanoic acid (PxHpA) was used in place of the PVA. Thus, a PHA was obtained in an amount of 0.92 g 
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n solution. This PHA was designated as PHA11, arra was used as a binder resin. 
[0175] The PHA obtained was analyzed and evaluated in the same manner as in Example 1 to find that, as the PHA 
monomer units, 35% was held by a 3HPxHp unit. 60% a 3HPxV unit, and 5% at least one unit of 3-hydroxybutyric acid, 
3-hydroxyhexanoic acid, 3-hydroxyoctanoic acid, 3-hydroxydecanoic acid, 3-hydroxydodecanoic acid and 3-hydroxy- 
5 dodecenoic acid units. Thus, a PHA having in a high percentage the 3HPxHp and 3HPxV monomer units, the desired 
monomer units derived from the PxHpA, was obtained in a high yield. Also, its molecular weight was found to be Mn 
= 65,300 and Mw = 1 32,000. 

Example 12 

10 

[0176J 150 g of polylactic acid (trade name: LACTY; available from Shimadzu Corporation; melt viscosity at 195°C: 
200,000 poises; weight-average molecular weight: 200,000) and 50 g of the PHA of Example 1 (PHA1) were mixed. 
The mixture formed was put into an injection molding machine, and was melt-kneaded at temperature of 1 95 to 230°C 
and molded. The polymer blend thus obtained was designated as PHA12, and was used as a binder resin. 

15 

Example 13 

[0177] 150 g of polylactic acid (trade name: LACTY; available from Shimadzu Corporation; melt viscosity at 1 95°C: 
200,000 poises; weight-average molecular weight: 200,000) and 50 g of the PHA of Example 4 (PHA4) were mixed. 
20 The mixture formed was put into an injection molding machine, and was melt-kneaded at temperature of 1 95 to 230°C 
and molded. The polymer blend thus obtained was designated as PHA13, and was used as a binder resin. 

Example 14 

25 [0178] 150 g of polylactic acid (trade name: LACTY; available from Shimadzu Corporation; melt viscosity at 195°C: 
200,000 poises; weight-average molecular weight: 200,000) and 50 g of the PHA of Example 6 (PHA6) were mixed. 
The mixture formed was put into an injection molding machine, and was melt-kneaded at temperature of 195 to 230°C 
and molded. The polymer blend thus obtained was designated as PHA14, and was used as a binder resin. 

30 Example 1 5 

[0179] 





(by weight) 


PHA1 (Example 1) 

Magenta pigment (C.I. Pigment Red 114) 

Charge control agent (NXVP434, available from Hoechst Japan Ltd.) 


1 00 parts 
5 parts 
2 parts 



40 [0180] Materials formulated as shown above were melt-kneaded by means of a twin-screw extruder (L/D: 30). The 
kneaded product thus obtained was cooled, and thereafter, the cooled product was crushed using a hammer mill : and 
then the crushed product was finely pulverized by means of a jet mill, followed by classification to obtain magenta 
colored particles (1 ) by pulverization. Particle size of the magenta colored particles (1) thus obtained was measured 
by the method described previously in the present specification, to find that it had a weight-average particle diameter 

45 of 15.3 u,m and a fine-powder content of 1 .2% by number. 

[0181] In 100 parts by weight of the magenta colored particles (1), 1.5 parts by weight of hydrophobic fine silica 
powder having been treated with hexamethyldisilazane (BET specific surface area: 250 m 2 /g) was dry-mixed as a 
fluidity improver by means of a Henschel mixer to obtain a magenta toner 1 of this Example. Further, 7 parts by weight 
of the magenta toner 1 thus obtained and 93 parts by weight of a resin-coated magnetic f errite carrier (average particle 

so diameter: 45 u,m) were blended to prepare a two-component magenta developer 1 for magnetic-brush development. 

Examples 1 6 to 28 

[0182] Magenta toners 2 to 14 were obtained in the same manner as in Example 1 5 except that 1 00 parts by weight 
55 of PHA2 to PHA14, respectively, were used in place of PHA1 . Characteristics of these toners were measured in the 
same manner as in Example 15 to obtain the results shown in Table 3. Also, using these toners, two-component 
magenta developers 2 to 14, respectively, were prepared in the same manner as in Example 15. 
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Comparative Example 1 



[0 183, A magenta toner 15 of Comparative Examp.e 1 was ^^^^^^^.^^^ 
that 1 00 parts by weight of styrene-butyl acrylate copolymer f.«t^» as^ E^pt 5 to obtain the results 

prepared in the same manner as in Example 1 5. 



- Evaluation - 



[01M) on »e M^. ™ g ».a dava.opa* , 14 obUlnad in ^^^^5" 0 
maoama developer 1 5 ob.ainad in c ^» ra '^»^ ' tfZXZratuS and nonnal humidity (25-C, 

^a^nd^^^ 

results are shown together in Table 3. 
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Examples 29 to 42 

[0185] Black toners 1 to 14 of Examples 29 to 42 ? respectively, were obtained in the same manner as in Example 
15 except that 1 00 parts by weight of PHA1 to PHA14, respectively, were used and carbon black (DBP oil absorption: 
5 110 mL/1 00 g) was used in place of the magenta pigment. Characteristics of these toners were measured in the same 
manner as in Example 15 to obtain the results shown in Table 4. Also, using these toners, two-component black de- 
velopers 1 to 14, respectively were prepared in the same manner as in Example 15. 

Comparative Example 2 



[0186] A black toner 1 5 of Comparative Example 2 was obtained in the same manner as in Example 15 except that 
100 parts by weight of styrene-buty! acrylate copolymer resin (glass transition temperature: 70°C) was used in place 
of PHA1 and carbon black (DBP oil absorption: 110 mL/1 00 g) was used in place of the magenta pigment. Character- 
istics of these toners were measured in the same manner as in Example 15 to obtain the results shown in Table 4. 
75 Also, using this toner, a two-component black developer 15 was prepared in the same manner as in Example 15. 



[0187] On the two-component black developers 1 to 14 obtained in Examples 29 to 42 and the two-component black 
20 developer 15 obtained in Comparative Example 2, the charge quantity of each toner after agitation for 1 0 seconds and 
300 seconds was measured in each environment of normal temperature and normal humidity (25°C, 60%RH) and high 
temperature and high humidity (30°C, 80%RH) by the method described previously for measuring charge quantity. 
Then, from the measured values of two-component blow-off charge quantity, the fractions to two decimal places were 
round off, and the charging performance was evaluated according to the criteria shown below. The results are shown 
25 together in Table 4. 
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Example 43 
- Deinking Test - 

(The removal of toner from paper is herein compared to "deinking".) 

[0188] Using each of the black toners 1 to 1 5 obtained in Examples 29 to 42 and Comparative Example 2 a testing 
image of 6% in black-and-white ratio (image area percentage) was formed on the surface of paper of 75 g/m in basis 
weight to make testing paper. Using this testing paper, hand-made sheets for evaluation were prepared under the 
following conditions. 

[01 89] Defiberization: An aqueous dispersion composed of the following is stirred in a beaker at 50°C for 20 minutes 
to defiberize the testing paper. 



50 



55 





Testing paper 


5.0% 


15 


NaOH 


0.7% 




Sodium silicate 


3.0% 




H 2 0 2 


1 .0% 



Deinking agent (LIPTOL S 2800, trade name; available from Lion Corporation 0.2% 

[0190] Dilution, dehydration and kneader treatment: The above aqueous dispersion is diluted with water to a 5% 
dispersion which is then subjected to centrifugal dehydration. Pulp, sodium silicate and so forth are further so added 
that the pulp is in a content of 20%, the sodium silicate 3.0% and NaOH 0.5%, to carry out defiberization by means of 
a kneader. 

[0191] Aging: The kneader-defiberized product is aged at 50°C for 2 hours. 

[0192] Flotation- Water is added to the aged product to prepare a dispersion with a pulp concentration of 1%. Into 
the dispersion, minute air bubbles are released for 7 minutes to make the air bubbles adsorb the toner in the dispersion 
to allow the latter to come up to the surface, where the toner and the water are separated. 
[0193] Washing: 2.4 g of the deinked pulp is washed twice with 1 liter of water for each. 

Preparation of testing hand-made sheets: Handmade sheets (basis weight: 1 00 g/m*) are prepared by means of a 
TAPPI standard sheet machine. 

[0194] Evaluation of deinkability: The number of toner particles present in 9 cm* of each hand-made sheet is both 
visually and microscopically observed to make evaluation individually for two groups of size, 100 u.m or more (the size 
in which the particles are visible to the naked eye) and 60 to less than 100 \vm. 

[0195] The results of the above test are shown in Table 5. In Table 5, numerical values indicate the number of re- 
maining toner particles. 

Table 5 



Deinkability Test Results 


Number of particles 


60 to<100 \im 


1 00 .urn or more 


Total 


Example: 


29 


10 


12 


22 


30 


13 


14 


27 


31 


9 


14 


23 


32 


13 


11 


24 


33 


17 


18 


35 


34 


8 


13 


21 


35 


18 


17 


35 


36 


15 


12 


27 


37 


17 


15 


32 


38 


16 


15 


31 



36 
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Table 5 (continued) 



Deinkability Test Results 


Number of particles 


60 to < 


100 pjn 


1 00 am or more 


Total 


Example: 


39 


11 


13 


24 


40 


17 


19 


36 


41 


19 


20 


39 


42 


15 


15 


30 


Comparative Example: 


2 


43 


38 


81 



20 



25 



30 



35 



40 



45 



50 



55 



Example 44 

- Biodegradability Test - 

[0196] The red (magenta) toners 1 to 14, the black toners 1 to 14, the comparative red toner 15 and the comparative 
black toner 15 were melt-shaped into films of about 50 um in thickness, which were then left in soil for 6 months. As 
the result, the films of the red toners 1 to 11 and black toners 1 to 11 had completely disappeared in shape, and the 
films of the red toners 12 to 14 and black toners 12 to 14 had disappeared in its greater part. On the other hand, the 
comparative red toner 15 and the comparative black toner 15 stood remained in shape as they were. 

Examples 45 to 72 & 

Comparative Examples 3 and 4 

[0197] An image-forming apparatus used in image-forming processes in Examples 45 to 72 and Comparative Ex- 
amples 3 and 4 is described first. Fig. 1 is a schematic sectional illustration of an image-forming apparatus for carrying 
out image-forming processes in Examples 45 to 72 and Comparative Examples 3 and 4. 

[0198] As shown in Fig. 1 , a photosensitive drum 1 comprises a substrate 1 b and provided thereon a photosensitive 
layer 1a having an organic photo-semiconductor, and is so constructed as to be rotated in the direction of an arrow. 
By means of a charging roller 2 which is a charging member facing the photosensitive drum 1 and rotated in contact 
with the drum, the surface of the photosensitive drum is electrostatically charged to have a surface potential of about 
-600 V. As shown in Fig. 1 , the charging roller 2 is constituted of a mandrel 2b and a conductive elastic layer 2a covered 
thereon. 

[0199] Next, the photosensitive drum 1 whose surface is kept charged is exposed to light 3, where an electrostatic 
latent image having an exposed-area potential of -100 V and a dark-area potential of -600 V is formed on the photo- 
sensitive drum by on-off control in accordance with digital image information through a polygon mirror. Subsequently, 
the electrostatic latent image formed on this photosensitive drum 1 is rendered visible by reversal development by 
means of a plurality of developing assemblies for four colors, 4-1 , 4-2, 4-3 and 4-4. so that four-color toner images are 
formed on the photosensitive drum 1 . Here, as a magenta or black developer, the two-component developers obtained 
in Examples 15 to 42 and Comparative Examples 1 and 2 are each used, and toner images are formed using each of 
the magenta toners or black toners. Fig. 2 is an enlarged sectional view of the main part of each developing assembly 
4 for two-component developer, used here. Next, the toner images formed on the photosensitive drum 1 are transferred 
to an intermediate transfer member 5 rotated in contact with the photosensitive drum 1 . As the result, four color, color- 
superimposed visible images are formed on the intermediate transfer member 5. Transfer residual toner having re- 
mained on the photosensitive drum 1 without being transferred is collected in a residual toner container 9 by means 
of a cleaning member 8. 

[0200] The intermediate transfer member 5 is, as shown in Fig. 1 , constituted of a mandrel 5b as a support and an 
elastic layer 5a layered thereon. In the present Examples, an intermediate transfer member 5 was used which had a 
pipe-like mandrel 5b and an elastic layer 5a provided thereon by coating, formed of nitrile-butadiene rubber (NBR) in 
which carbon black as a conductivity-providing agent had been well dispersed. The elastic layer 5a thus formed had 
a hardness measured according to JIS K-6301 , of 30 degrees and a volume resistivity of 10 9 £2-cm. Transfer electric 
current necessary for the transfer from the photosensitive drum 1 to the intermediate transfer member 5 was about 5 
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, A , wh ich was obtained b y . ^ v °« 5 a r TeaT 

[0201] The four color, color-supenmposed v.s.ble .mages om ^ {jxed by means of a heat . 

erred to a transfer medium such as paper by means of a ^r ^ ^ formed fay 

fixing assembly H to come into permanent form, ^^^en^ropylene-diene terpolymer (EPDM) .n wh.ch 
mandrel 7b of 10 mm in diameter a f^ggf^ , ^rle± Here, as the elastic layer 7a, one showing a 

miction of oil a PP .ication as shown in Fig^S a^ 

having surface layersformed of a fluorme res.n w ^ US ^ t ^J° Residual toner on the photosensitive drum 1 , having 



again used. 
- Evaluation - 



20 



25 



- tvaiuciu<-Mi - 

[020 3] Under the above conditions, a printing = S ^^S^^rSS^ - = 
humidity (25'C, 60%RH) and "'9" temperatu^ 

(A 4-size)/minute in a monochromatic mterm.ttent mode ( ^ a i m ^ deterioration of the toner was 

pause for 10 seconds every time the ^^iZZ^ZZ^ again driven) while successively supplying 



- Printed-lmage Evaluation 
1 . Image density 
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I. HI lay cr ueiiuii;- 

[0204 ] Evaluated on how image density was — - 

mages at the initial stage when images ^^^S^^acbelh Reflection Densitometer (manufactured 

an origina.. The measurements were used in evaluation. 

AA: Excelient (the image density at the time £ finish is 1 .40 or moreV 

D: Sure (the image^ensity at the time of finish is less than 1 .00). 
2. Image fog: 

lmm Evaluated oa daw ,o M *d«a W ^^^T^-P^™^ 
'pre Jibed n U n*». d> aheada « daua, ptt 2S, «», P*«"9. ** > re '~ 

AA- Very good (the amount of fog is from 0% to less than 15%). 

C: impermissible for practical use (the amount of fog .s 5.0 A or more). 
3 Transfer performance: 
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iv^Wimage blank areas in images at the time of finish o^rin 



machines, and the leveWT image blank areas in images at the time of finish ofprinting was observed visually to make 
evaluation according to the following criteria. 



AA: Very good (the image blank areas little occur). 
5 A: Good (occur only slightly). 

B: Permissible for practical use. 
C: Impermissible for practical use. 



[0207] Evaluation was also visually made on whether or not, when images were reproduced on 5,000 sheets in 
10 Examples 45 to 72 and Comparative Examples 3 and 4, any scratches of the surfaces of the photosensitive drum and 
intermediate transfer member or any sticking of remaining toner occurred and how these affected the printed images 
(i.e., matching with image-forming apparatus). As the result, the toner was seen to have slightly stuck to the photo- 
sensitive-drum surface in all systems in which the two-component developers of Examples 45 and 59 were used. 
[0208] In the systems in which two-component developers other than the foregoing were used, any scratches of the 
15 surfaces of the photosensitive drum and intermediate transfer member or any sticking of remaining toner were not 
seen to have occurred at all, showing very good matching with the image-forming apparatus. 



Table 6 



20 


Printed-lmage Evaluation Results 


Example 


Two- 
component 
Developer 


Normal Temperature and Humidity 


High Temperature and Humidity 


25 






Image 
Density 


Image 
Fog 


Transfer 
Performance 


Image 
Density 


Image Fog 


Transfer 
Performance 




45 


Red 1 


A 


B 


B 


A 


B 


B 




46 


Red 2 


A 


A 


A 


A 


B 


B 


30 


47 


Red 3 


AA 


AA 


AA 


AA 


AA 


AA 


48 


Red 4 


AA 


AA 


AA 


AA 


AA 


AA 




49 


Red 5 


AA 


AA 


AA 


AA 


AA 


AA 




50 


Red 6 


AA 


AA 


A 


A 


A 


B 


35 


51 


Red 7 


AA 


AA 


AA 


AA 


AA 


AA 




52 


Red 8 


AA 


AA 


AA 


AA 


AA 


AA 




53 


Red 9 


AA 


AA 


AA 


AA 


AA 


AA 


40 


54 


Red 10 


AA 


AA 


AA 


AA 


AA 


AA 




55 


Red 11 


AA 


AA 


AA 


AA 


AA 


AA 




56 


Red 12 


A 


A 


A 


A 


B 


B 




57 


Red 13 


AA 


AA 


AA 


AA 


AA 


AA 


45 


58 


Red 14 


A 


A 


A 


A 


B 


B 




59 


Black 1 


A 


B 


B 


A 


B 


B 




60 


Black 2 


A 


A 


A 


A 


B 


B 


50 


61 


Black 3 


AA 


AA 


AA 


AA 


AA 


AA 




62 


Black 4 


AA 


AA 


AA 


AA 


AA 


AA 




63 


Black 5 


AA 


AA 


AA 


AA 


AA 


AA 




64 


Black 6 


AA 


AA 


A 


A 


B 


B 


55 


65 


Black 7 


AA 


AA 


AA 


AA 


AA 


AA 




66 


Black 8 


AA 


AA 


AA 


AA 


AA 


AA 
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Image 
Density 



Image 
Fog 



Transfer 
Performance 



Image 
Density 



Image Fog 



Transfer 
performance 




Comparative 
Example 3 
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Examples 73 to 84 & 

Comparative Examples 5 and 6 . Examples 5 and 6 . the toners 

Turned in Example. 31 '<• * MC< »Z?1, „«™.d in wnteh . ""l^hS wi »g..» »t * 

available laser beam printer Lor c v aDD aratus shown in Fig. 3 is tittea wm y d « with a n elastic 

La used. More 20 foTd ifseS "to he leaner 21 , where 

terred toner having remamec ' ^ 8U ^ wjth the pho tosensitive drum 20 and « e(i with transport 

r^r=d^» 

screw, and, through a hopper 25, returnedto ^ ^ e^ostatfcal.y 

development. flDDara tus shown in Fig. 3, the surface of the P™° sens rubber rolte r (diameter: 

102101 In the image-form.ng i * „ the primary ch arg.ng roller 27 used .s a ^ ^ 

shown). As a toner carry.ng rnember, a Ra Qf n ^ was US ed one -component 

blaC k dispersed therem and ha vieW 0 f the main part of a electrostatic 

[02111 In Fig. 4, shown is ar , eniarg Comparative Examples 5 and 6. As con^rao move ment 

developer, used in Examples 73 to 84 anc l oomp s|eeve 28 was so set as to be , ij i 20 

,„ Mng tone, e«g~ »ae ee, a, 1 60 C. As th ^ ^ 

5 and 6 »as used. ooo-anedl prtnting last was made in an •nv mode (i.e., a 

below. Also, images on the 10,000th sheet we 
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criteria shown below. Afrfre same time, how the units constituting the image-forming apparatus stood after the running 
test was also observed to make evaluation also on the matching of the respective toners with the units. 
[0213] The results of the foregoing are shown together in Table 7. 



5 Change in image density during running: 

[0214] Evaluated on how image density was maintained on images at the time of finish of printing with respect to 
images at the initial stage when images were printed on a prescribed number of sheets of usual plain paper (75 g/m 2 ) 
for copying machines. Here, the image density was measured with Macbeth Reflection Densitometer (manufactured 
10 by Macbeth Co.), as relative density with respect to an image printed on a white ground area with a density of 0.00 of 
an original. The measurements were used in evaluation. AA: Excellent (the image density at the time of finish is 1 .40 
or more). 

A: Good (the image density at the time of finish is from 1 .35 to less than 1 .40). 
15 C: Passable {the image density at the time of finish is from 1 .00 to less than 1 .35). 

D: Failure (the image density at the time of finish is less than 1 .00). 

Image fog: 

20 [0215] Evaluated on how solid white images stood at the time of finish of printing when images were printed on a 
prescribed number of sheets of usual plain paper (75 g/m 2 ) for copying machines. Stated specifically, it was evaluated 
in the following way: The worst value of white-background reflection density after printing, measured with a reflection 
densitometer (REFLECTOMETER MODEL TC-6DS, manufactured by Tokyo Denshoku Co., Ltd.), was regarded as 
Ds, and an average value of reflection densities of paper before printing, as Dr. From these values, the value of Ds - 

25 Dr was found and this was regarded as the amount of fog to make evaluation according to the following criteria. 

AA: Very good (the amount of fog is from 0% to less than 1 .5%). 
A: Good (the amount of fog is from 1 .5% to less than 3.0%). 

B: Permissible for practical use (the amount of fog is from 3.0% to less than 5.0%). 
30 C: Impermissible for practical use (the amount of fog is 5.0% or more). 

Evaluation on Matching with Image Forming Apparatus: 

1 . Matching with developing sleeve: 

35 

[0216] After the printing test was finished, evaluation was visually made by examining any sticking of the toner re- 
maining on the developing-sleeve surface and how it affected the printed images. 

AA: Very good (no sticking occurs). 
40 A: Good (sticking little occurs). 

B: Permissible for practical use (sticking is a little seen, but less affects images). 

C: Impermissible for practical use (sticking is greatly seen, and uneven images occur). 

2. Matching with photosensitive drum: 

45 

[021 7] Evaluation was visually made by examining any scratches of the photosensitive-drum surface and any sticking 
of the toner remaining thereon, and how they affected the printed images 

AA: Very good (none of them occurs). 
so A: Good (scratches are seen to slightly occur, but do not affect images). 

B: Permissible for practical use (sticking and scratches are seen, but less affect images). 

C: Impermissible for practical use (sticking is greatly seen, and faulty images occur as vertical lines). 

3. Matching with fixing assembly: 

55 

[0218] How the fixing-film surface stood was observed, and the results on its surface properties and any sticking of 
the toner remaining on its surface were overall averaged to evaluate its durability. 
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(1 ) Surface properties 

[0219] After the printing test was finished, evaluation was made by visually observing any scratches or abrasion of 
the fixing-film surface. AA: Very good (none of them occurs). 

5 

A: Good (they little occur). 

B: Permissible for practical use. 

C: Impermissible for practical use. 

w (2) Sticking of remaining toner: 

[0220] After the printing test was finished, evaluation was made by visually observing any sticking of the toner re- 
maining on the fixing-film surface. 

15 AA: Very good (no sticking occurs). 

A: Good (sticking little occurs). 
B: Permissible for practical use. 
C: Impermissible for practical use. 
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Examples 85 to 87 



Examples ivj tests 

[0221] Successively supplying*^ 

were made in a continuous mode (i.e., a mode .n which tne deve ' op . " 9 , ^ except tha , the toner reuse mech- 
5 c?rlmptionof^^ 

anism of the Fig. 3 image-forming apparatus was d ^J. 3 ^ apparatus used were evaluated on the 

obtained on all the items. 

10 

Claims 

- • M M. a resin powtay pro**, ft. bM.< rasia comprises a p, ly „,draxya»<anaa,a 

AmB(1-m) 



20 



25 



R V. 

V (2) 



30 

CH 3 

(CH 2 )k 
CH 

35 || 

CH 3 f» 
(CH 2 )n 0 ^2 « 



4a 



45 




0 ^ ^kA^ 



(3) 



(4) 



(5) to (8): 
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(5) (6) (7) (8) 

wherein; 

in Formula (5), R1 is selected from a hydrogen atom (H) and a fluorine atom (F), and q is selected from 
integers of 1 to 8; 

in Formula (6), R2 is selected from a hydrogen atom (H) and a fluorine atom (F), and r is selected from 
integers of 1 to 8; 

in Formula (7), R3 is selected from a hydrogen atom (H) and a fluorine atom (F), and s is selected from 
integers of 1 to 8; and 

in Formula (8), R4 is selected from a hydrogen atom (H) and a fluorine atom (F), and t is selected from 
integers of 1 to 8. 

The binder resin according to claim 1 , which further comprises at least one of polycaprolactone and polylactic acid. 

The binder resin according to claim 1 , which has a number-average molecular weight of from 2,000 to 300,000. 

The binder resin according to claim 1, which has a glass transition point of from 30°C to 80°C, and a softening 
point of from 60°C to 1 70°C. 

The binder resin according to claim 1, wherein the resin powdery product is a toner for developing electrostatic 
latent images. 

A toner for developing electrostatic latent images, comprising a pigment and a binder resin which forms a resin 
powdery product, wherein the binder resin comprises a polyhydroxyalkanoate having monomer unit composition 
represented by the following Formula (1): 

AmB(1-m) (1) 

wherein A is at least one selected from monomer units represented by the following Formula (2) : B is at least one 
selected from monomer units represented by the following Formulas (3) and (4), and m is 0.01 or more and 1 or less: 




(2) 
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CH 

(CH,)n 0 
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CH 

II 

CH 

CH, 0 
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wherein 
(5) to (8) 
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(CH,) r 



/ (CH 2 )q 
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(CHJs 
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T ?o 1°M6). B 2 is selected from a hydrogen atom (H) and a f.uodne atom (F), and r is selected fro, 

and a fluorine atom (F), and s is selected from 
and a fluorine atom (F), and t is selected from 



T F°lu.a 8: (7), R3 is selected from a hydrogen atom (H) 

T F 0 !! 8 '" (8)% is selected from a hydrogen atom (H) 
integers of 1 to 8. 

An image-forming method comprising: 



a charging 



step of applying a voltage to a charging member from 



its outside to charge an electrostatic-latent- 



image-bearing member electrostatically 



a latent-image 
member thus charged; 



-forming step of forming an electrostatic latent image on 



the electrostatic-latent-image-bearing 
rS^fli^b, ha.une ton* h-d on m. recording m« 
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An image-forming m^mod according to claim 7 further comprising: 



a charging step of applying a voltage to a charging member from its outside to charge an electrostatic-latent- 
image-bearing member electrostatically; 

a latent-image-forming step of forming an electrostatic latent image on the electrostatic-latent-image-bearing 
member thus charged; 

a developing step of developing the electrostatic latent image by the use of a toner for developing electrostatic 
latent images, to form a toner image on the electrostatic-latent-image-bearing member; 
a first transfer step of transferring to an intermediate transfer member the toner image formed on the electro- 
static-iatent-image-bearing member; 

a second transfer step of transferring to a recording medium the toner image held on the intermediate transfer 
member; and 

a fixing step of fixing by heat the toner image held on the recording medium. 

9. An image-forming apparatus comprising: 

a charging means for applying a voltage to a charging member from its outside to charge an electrostatic- 
latent-image-bearing member electrostatically; 

a latent-image-forming means for forming an electrostatic latent image on the electrostatic-latent-image-bear- 
ing member thus charged; 

a developing means for developing the electrostatic latent image by the use of a toner for developing electro- 
static latent images, to form a toner image on the electrostatic-latent-image-bearing member; 
a transfer means for transferring to a recording medium the toner image formed on the electrostatic-latent- 
image-bearing member; and 

a fixing means for fixing by heat the toner image held on the recording medium; 
wherein as the toner the toner for developing electrostatic latent images according to claim 6 is used. 

10. An image-forming apparatus according to claim 9 comprising: 

a charging means for applying a voltage to a charging member from its outside to charge an electrostatic- 
latent-image-bearing member electrostatically; 

a latent-image-forming means forforming an electrostatic latent image on the electrostatic-latent-image-bear- 
ing member thus charged; 

a developing means for developing the electrostatic latent image by the use of a toner for developing electro- 
static latent images, to form a toner image on the electrostatic-latent-image-bearing member; 
a first transfer means for transferring to an intermediate transfer member the toner image formed on the elec- 
trostatic-latent-image-bearing member; 

a second transfer means for transferring to a recording medium the toner image held on the intermediate 
transfer member; and 

a fixing means for fixing by heat the toner image held on the recording medium; 
wherein as the toner the toner for developing electrostatic latent images according to claim 6 is used. 
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FIG. 3 
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(57) A binder resin which forms a resin powdery 
product such as a toner for developing electrostatic la- 
tent images. The binder resin comprises a biodegrada- 
ble resin comprising a polyhydroxyalkanoate produced 
by culturing a microorganism and having as a specific 
monomer unit a 3-hydroxyalkanoic acid such as 3-hy- 
droxy-5-phenylvaleric acid. This binder resin has very 
good properties as a binder resin and also has a high 
safety to human bodies and environment. Also dis- 
closed are a toner for developing electrostatic latent im- 
ages which contains such a binder resin, and an image- 
forming method and an image-forming apparatus which 
make use of the toner. 
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